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SILVER COINAGE HISTORICALLY CONSID- 
ERED. 


By Henry Dunning MacLeod. 


N the September Vineteenth Century Mr. J. P. Heseltine makes 
an appeal to monometalists to give a statement of the reasons for 
the faith which is in them. I propose in the following remarks 

to give a very brief and concise account of the facts and arguments on 
which our present system of monometalism is founded. 

Charlemagne established the system of coinage which was adopted 
throughout western Europe. He made the pound weight of silver the 
standard, and divided it into 240 pieces called pennies. For a 
considerable period the kings of France coined these pennies at their 
full weight and fineness. But about the beginning of the twelfth cen- 
tury they began not only to diminish their weight, but to debase their 
purity. ‘They considered it part of their inalienable divine right to 
declare that their subjects should accept the diminished and debased 
coins at the same value as the good coins of full weight. They further 
complicated matters by issuing gold coins, and they considered it as 
part of their divine right to change the rating of these coins with re- 
spect to each other as often as they pleased. 

These constant tamperings with the coinage produced commotions 
and disturbances, and drove away foreign trade from the country. At 
length that great sovereign, Charles the Fifth, justly surnamed the 
Wise, perceived that the only way to restore prosperity to the country 
was to reform the coinage. He referred the matter to one of his 
wisest and most trusted councillors, Nicolas Oresme, who, in answer 
to the appeal of his sovereign, drew up his now famous Zrazctie de la 
premiére invention des Monnotes, in twenty-six chapters. 
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After explaining the true nature and uses of money, he laid down 
the following principles : 

1. ‘That the sovereign has no right to diminish the weight, debase 
the purity, or change the denomination of the coinage. ‘To do so is 
robbery. 

2. That the sovereign can in no case fix the value or the purchas- 
ing power of the coins. If he could do so, he could fix the value 
of all other commodities; which was indeed the idea of medieval 
sovereigns. 

3. That the legal ratio of the coins must strictly conform to the 
relative market value of the metals. 

4. That if the fixed legal ratio of the coins differs from the natural 
or market value of the metals, the coin which is underrated entirely 
disappears from circulation, and the coin which is overrated alone 
remains current. 

5. That if degraded and debased coin is allowed to circulate along 
with good and full-weighted coin, all the good coin disappears from 
circulation, and the base coin alone remains current, to the ruin of 
commerce. 

This great treatise, which may be said to stand at the head of 
modern economical literature, contains the fundamental principles of 
money which are now accepted by all sound economists ; and it was 
out of these principles that the system of monometalism was developed 
at the close of the seventeenth century. 

The same ideas and evils existed all through Europe, and were 
called morbus numericus. 

Poland, which then comprehended the modern Prussia, was afflicted 
with these evils. Sigismund the First, King of Poland, sought the 
advice of Copernicus, who was a member of the Prussian Diet. At 
the instance of Sigismund, Copernicus drew up a masterly treatise on 
money, which he entitled Ratio monete cudende, which has only been 
discovered within the present century, and is included in the magnifi- 
cent edition of his works printed at Warsaw in 1854. 

Copernicus had no knowledge of the treatise of Oresme, written 
160 years before his time, but he came to exactly the same conclu- 
sions. ‘They were: 

1. That it is impossible for the prince to regulate the value of the 
coins, or of any other commodity. 

2. That all the prince or the law can do is to maintain the coins 
at their full legal weight, purity, and denomination. 

3. That it is robbery for the prince to change the denomination, 
diminish the weight, or debase the purity of his coins. 

4. That it is impossible for good full-weighted coin and base and 
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degraded coin to circulate together ; that all the good coin is hoarded, 
melted down, or exported, and the degraded and debased coin alone 
remains in circulation. 

5. That the coins of gold and silver must bear the same ratio to 
each other as the metals do in the market. Oresme and Copernicus 
quite agreed that it is impossible to keep gold and silver coins in cir- 
culation together in unlimited quantities at a fixed legal ratio differing 
from the market value of the metals. 

6. That when good coins are issued from the mint, all the base 
and degraded coins must be withdrawn from circulation ; or else all 
the good coins will disappear, to the ruin of commerce. 

The early English sovereigns did not debase their coinage, but im- 
mense quantities of base and degraded coins were in circulation, and 
consequently all the good coin disappeared as soon as it was issued 
from the mint. Edward the First was the first to diminish the weight 
of the coin. He coined 243 pennies out of the pound weight of sil- 
ver, and by successive diminutions the pound weight of silver was 
coined into 744 pennies under Elizabeth. ‘The instant disappearance 
of the good coin as soon as it was issued from the mint was the subject 
of repeated debates in Parliament for some centuries, and was an in- 
scrutable puzzle to financiers and statesmen. 

At last Sir Thomas Gresham explained to (Queen Elizabeth that 
good and bad coin cannot circulate together, but that the good coin 
disappears, and the bad coin alone remains current. As Sir ‘| homas 
Gresham was the first in this country to explain that permitting bad 
coin to circulate was the cause of the disappearance of the good coin, 
I suggested in 1858 that this should be called Gresham’s law, which 
name has now been universally accepted. But as Oresme and Coper- 
nicus had both declared this law before him, it ought to be called the 
law of Oresme, Copernicus, and Gresham. 

This great fundamental law of the coinage soon became common 
knowledge. It is thus stated in a pamphlet in 1696: 

‘* «When two sorts of coin are current in the same nation of like value 
by denomination but not intrinsically [7 ¢., in market value], that 
which has the least value will be current, and the other as much as 
possible will be hoarded,’ or melted down, or exported, we may add.”’ 

This great fundamental law of the coinage has been found to be 
universally true. Henceforth it was recognized and acknowleged in all 
subsequent discussions on the coinage. It applies in the following cases : 

1. If the coins consist of one metal only, and clipped, degraded, 
and debased coins are allowed to circulate together with good coins, 
all the good coins disappear: they are either hoarded, or melted down, 
or exported, and the bad coin alone remains in circulation. 
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2. If coins of two metals, such as gold and silver, are allowed to 
circulate together in unlimited quantities at a fixed legal ratio which 
differs from the market ratio of the metals, the coin which is underrated 
disappears from circulation, and the coin which is overrated alone re- 
mains current. 

3. Asa necessary corollary, it follows that it is impossible to 
maintain a fixed par of exchange between countries which use different 
metals as their standard unit. 

This law is not confined to single and separate States; it is not 
limited in time or space; it is absolutely universal: and it is equally 
impossible for the whole world to maintain coins of two or more metals 
in circulation together in unlimited quantities at a fixed legal ratio 
which differs from the natural, or market, value of the metals, as it is 
for single and separate States to do so. 

The explanation of this problem, which was an inscrutable mystery 
to statesmen and financiers for so many ages, is extremely simple. If 
shillings are allowed to circulate together, some of which are worth 
twelvepence and others only ninepence, and every one is allowed to 
pay his debts in which of them he pleases, he will naturally pay his 
debts with the shillings worth ninepence and keep the shillings worth 
twelvepence in his pocket. Or, if shillings worth twelvepence have no 
more value than shillings worth ninepence, bullion-dealers collect all 
the heavy coins they can and melt them down into bullion, in which 
form they have more value, or they export them to foreign countries 
where they have their full value. Thus the underrated coins have in- 
variably been found to disappear in one or other of these three ways. 

It is exactly the same in all cases in which persons are allowed to 
pay their debts in things which have nominally the same value, but in 
reality are of different values. When persons are allowed to pay their 
rents in kind, they naturally select the worst portions of the produce to 
pay their landlords, and keep the best portions for themselves. 

If merchants received an order for so many yards of cloth, and the 
law allowed two different yard measures to be used,—one of three feet 
and one of two feet,—merchants would naturally fulfil their orders in 
yards of two feet rather than in yards of three feet. It is only natural 
that persons should pay their debts in the cheapest form to themselves. 

So, if the law allows debtors to pay their debts in coins of different 
metals which are rated equally in law, but whose values differ in the 
market of the world, they will naturally pay their debts in the coin 
which is overrated, and keep the coin which is underrated at home. 
Then inevitably the coin which is underrated disappears from circula- 
tion, and the coin which is rated above its natural or market value 
alone remains current; and this is true whether single and separate 
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States doso, or whether the whole world does so. If, then, the whole 
world were to agree to rate a coin below its market value, it would 
inevitably disappear from circulation; for the whole world can no 
more by universal agreement make nine equal to twelve than any 
separate States can. 

The bimetalists contend that, if a fixed ratio between the metals 
were established by international agreement, the market value of the 
metals would conform to it; that by so doing the metals would circu- 
late together in unlimited quantities at the fixed ratio, and so augment 
the currency or circulating medium of the world; that every one 
would bring his gold and silver to be coined ; that these might be used 
indifferently in the payment of debts, and that a stable ratio of ex- 
change might be established between all nations. 

Most unfortunately, the experience of bimetalism in every country 
for five hundred years entirely negatives all these allegations. 

1. It is proved that the fixed legal ratio between the coins never 
had the slightest effect on the relative market value of the metals. 

2. ‘That when the fixed legal ratio between the coins differed 
from the relative market value of the metals, the coins of that metal 
which was underrated invariably disappeared from circulation, and the 
coins of the metal which was overrated alone remained current; and 
that, as the market value of the metals changed, gold and silver alter- 
nately drove each other out of circulation, so that there was no aug- 
mentation of the currency, but one metal simply displaced the other. 

3. ‘That when one metal is at a premium,—/. ¢., its market value 
exceeds the legal ratio,—no private persons bring that metal to be 
coined, because it would be simply to diminish the value of that metal. 
The master of the mint stated in 1816 that during the whole of the 
reign of George the Third no more than £°64,500 of silver was coined, 
because during all that period silver had been at a premium. 

The bimetalists are energetically urging governments to adopt 
their doctrines. Well, we have two examples of the ideal condition 
of the bimetalists, and we shall see with what results. 

In 1666 it was enacted that all persons might bring their gold and 
silver to the mint to be coined free of all charge. By the mint inden- 
tures the gold guinea was coined to be of the value of 20s. in silver, 
but no legal ratio was fixed between the coins: the public were to 
receive them at such a rating as they pleased. (Guineas, instead of 
being current at 20s. according to the mint indentures, passed current 
at 22s. The silver coins became constantly more degraded, until at 
last they were clipped down to half their weight. After the great re- 
coinage by William the Third, guineas were successively reduced by 
proclamation, and a treasury warrant fixed that they should be received 
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at the rate of 21s. 6d. at the treasury. But still all the good silver 
coin disappeared from circulation as soon as it was issued from the 
mint. In their perplexity the government referred the whole matter 
to Newton, who showed that the true value of the guinea was only 
20s. Sd., according to the market value of the metals, and that in 
consequence of this all the good silver was at once exported. He 
recommended that the guinea should be reduced to 21s. by way of ex- 
periment. ‘This was accordingly done ; but the guinea was still over- 
rated by 4d., and the consequence was that there was no good silver 
in circulation during the whole of the century. It then became an 
established custom among merchants that all obligations became pay- 
able in gold only, as the cheaper metal. ‘The foreign exchanges were 
settled in gold ; so ever since 1718 England has become a gold mono- 
metalic country, and in public estimation the standard was changed 
from silver to gold, although the obsolete and effete words of bimetal- 
ism lingered on in the statute-book for another hundred years. At 
the great recoinage of 1816, that which had become established by 
mercantile usage was enacted by law. Gold was adopted as the sole 
standard, and silver was coined only in limited amounts, and made 
legal tender for only gos. Ever since then England has enjoyed the 
most perfect system of coinage ever devised by the ingenuity of man, 
and has been perfectly free from all coinage troubles. 

I will now take the case which the bimetalists cite as the golden 
age of bimetalism. — France endeavored to maintain bimetalism from 
1113 to 1874. But during that time the mint price of the marc of 
gold has been changed 146 times, and the mint price of the marc of 
silver 251 times, and the changes of the rating between gold and 
silver were innumerable; at last, in 1726, the ratio of gold to silver 
was fixed at 1 to 14'». But silver was rated too highly, and by the 
same law that gold became the standard in England silver became the 
standard in France. In 1803 the ratio of gold to silver was fixed at 
1 to 15!5, at which it still nominally remains. Gold and silver coins 
were made equally legal tender at that ratio. But the French libera- 
ting armies plundered all the sanctuaries of the countries they came to 
liberate of their treasures. Vast quantities of silver were coined, and 
the market ratio of silver to gold became 17 to 1. ‘Thus gold was at a 
premium from 1803 to 1850, and consequently there was no gold in 
general circulation during that period. I myself can testify that in 
1839 there was scarcely a gold coin to be seen in common circulation 
in France. ‘There was of course plenty of gold coin to be had at the 
Bank of France, but those who wanted it had to pay a premium for it. 

Soon after 1850 the gold supplies came in from California* and 
Australia, and the market ratio of silver to gold, which was 1534 to 1, 


i 


ao 
4 
} 
ty 
) 
4 
| 
| 
4 
| 
: 
‘ 
| 
- 
a 


| 


SILVER COINAGE HISTORICALLY CONSIDERED. 585 


rose to 1513 to 1; and that apparently slight change in the market 
ratio, while the legal ratio remained at 151% to 1, was sufficient to 
displace from 150,000,000 to 200,000,000 of silver and to substitute 
an equal quantity of gold for it. I was residing at a French seaport 
town in 1857, and every steamer that came in was loaded with casks 
of Scotch whiskey going to be transmuted into French brandy, and 
every steamer that went out had its deck piled with bags of five-franc 
pieces. It was the same at every other port. Silver departed from 
France in a flood, and at length became so scarce that it became neces- 
sary to coin those detestable five-franc gold pieces. ‘This case shows 
the immense practical importance of even a very slight difference 
between the legal ratio and the market ratio of gold and silver, and 
decisively negatives the allegation of the bimetalists that gold and sil- 
ver can circulate together in unlimited quantities at a legal ratio dif- 
fering from the market ratio. 

In 1865 the Latin Union was formed, but even then Italy declared 
herself in favor of a single gold standard. In 1867 the value of silver 
began to fall and to create uneasiness. A commission was appointed, 
which by a majority declared against the adoption of a single gold 
standard. In 1868 the fall became more accentuated, and a commis- 
sion by a majority declared in favor of a single gold standard. 
Another commission in 1869-70 reported still more strongly in its 
favor. In June, 1870, Prussia appointed a commission to consider 
the expediency of adopting a single gold standard, but the war of 1870 
put an end to all these discussions. By acts of 1871 and 1873 Ger- 
many adopted a single gold standard. In December, 1872, Belgium 
adopted a single gold standard. ‘The matter then became still more 
pressing, and a great debate was held at the Société d’ Economie 
Politique, in which the government was represented by M. de Parieu. 
The majority strongly decided on the necessity of adopting a single 
gold standard. In accordance with this resolution, France closed her 
mints to the free coinage of silver in 1874, and became a gold mono- 
metalic country. ‘The bimetalists persistently assert that it was the 
closing of the French mints in 1874 that caused the fall in the value of 
silver, whereas it was exactly the contrary. It was the fall in the value 
of silver which compelled the closing of the mints to the free coinage 
of silver, and its necessity was foreseen six years before it took place, 
and it was only done after the fullest discussion and in accordance 
with the advice of the highest authorities. 

I have now to lay before your readers an instance which is perfectly 
novel to the general public. As the East India company extended its 
dominion it was greatly plagued and tormented by the multiplicity of 
gold and silver coins—gg94 in number—which were in circulation in 
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India of different weights and fineness. In 1766 they endeavored to 
establish bimetalism, but it entirely failed. In their perplexity they 
sought the advice of Sir James Steuart, who was the ablest economist 
in England betore the publication of the ‘* Wealth of Nations’’ in 
1776. In 1772 he drew up a treatise on money for them, showing, in 
exact accordance with all the preceding authorities since Oresme, that 
it is impossible that gold and silver can circulate together in unlimited 
quantities at a fixed legal ratio differing from the market value of the 
metals. In 1805 Lord Liverpool’s great master treatise on the subject 
was published, and as soon as it reached India, in 1806, the governor- 
general in council took it into consideration, and issued a minute to 
the subordinate governments condemning bimetalism in the strongest 
terms, and declaring its entire adhesion to the doctrines of Lord 
Liverpool. By the courtesy of the India office | am enabled to make 
this minute public for the first time. It said : 

‘*A proportion between the gold and silver coins is fixed by law 
according to the value of the metals, and it may be on the justest 
principles, but, owing to a change of circumstances, gold may become 
of a greater value in relation to silver than at the time the proportion 
was fixed ; it therefore becomes profitable to exchange silver for gold ; 
so the coin of that metal is withdrawn from circulation ; and if silver 
should increase in its value in relation to gold, the same circumstances 
would tend to reduce the quantity of silver coin in circulation. As it 
is impossible to prevent the fluctuations in the value of the metals, so 
it is equally impracticable to prevent the consequences thereof in the 
coins from those metals. 

** But there is a radical defect in the principle itself of giving a 
fixed value to metals in coin that in their nature are subject to con- 
tinual change.”’ 

The minute then declared the unhesitating adhesion of the council 
to the principle that one metal only should be adopted as the standard 
unit, though coins of other metals might circulate at their market 
value. ‘lhe minute decided that silver should be the sole standard, 
which was perhaps natural under the circumstances. But the error 
was most unfortunate, and, having been carried out by Lord Dalhousie 
with the extremest severity by the total demonetization of gold, has 
been the cause of all our present troubles. 

The principles first declared by Petty, Locke, and Harris, and 
fully developed by Lord Liverpool, which received the adhesion 
of the Indian government in 1806, that one metal only should be 
adopted as the standard, and that subsidiary coins of other metals 
might be issued in limited quantities and made legal tender only for 
small amounts, were adopted by the british government in 1816. 
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Bimetalists now admit that no single country can maintain bimet- 
alism by itself; but they allege that, if all nations of the world, or at 
least the principal of them, were to agree to fix a common ratio, that 
would maintain a fixed value between them and bring about a stable 
exchange between all nations. But such ideas are a délusion. When 
great laws of nature are once proved, they operate throughout the 
whole world, and not on single countries only. An international 
agreement can no more make nine equal to twelve than any single 
country can. If an international agreement were made that the ratio 
between gold and silver should be 1 to 15!., when the market ratio 
was I to 35, the simple result would be that all debtors would dis- 
charge their debts at ros. in the pound, gold would entirely disappear 
from circulation, and silver would be the sole metalic currency of the 
world. 

In 1830 Mr. Attwood brought forward a motion to reéstablish 
bimetalism. Silver had then fallen only 5 per cent., so that Mr. 
Attwood’s plan would have declared rgs. in silver equal to 20s. in 
gold. But Mr. Herries, master of the mint, Mr. Huskisson, and Sir 
Robert Peel unanimously declared that such a thing would bring on a 
national bankruptcy in twenty-four hours. Sir Robert Peel said: 
‘* The notion of a double standard was totally fallacious; . . . all 
would turn to confusion, and public ruin must be the consequence.’’ 
The motion was negatived without a division. 

The bimetalists tell us that bimetalism would lead to a golden age 
of boundless prosperity ; Mr. Herries, Mr. Huskisson, and Sir Robert 
Peel tell us that it would land us in national bankruptcy in twenty-four 
hours. Which of these parties will sensible men believe ? 

The bimetalists tell us that a legal ratio between gold and silver was 
maintained both in England and France for centuries. What they say 
is true in the letter, but utterly false in the spirit. They would have 
us believe that this had the effect of keeping the market value of the 
metals at that rate, and that both metals remained in circulation to- 
gether at the fixed ratio. It is true that bimetalism was printed in the 
statute-books of both countries for centuries, but it was invariably 
found that the metal which was overrated invariably drove out the 
metal which was underrated from circulation, and alone remained 
current. Under the law of bimetalism the two metals never circu- 
lated together in any country. So far from the fixed legal ratio 
governing the value of the metals, governments had, from time to time, 
to alter the legal ratio, so as to conform to the market ratio, and all 
civilized governments have now seen the necessity of abandoning this 
fallacy, and of conforming themselves to the demonstrated laws of 
nature. 
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Bimetalism is only part of a system which prevailed in every coun- 
try for centuries. Statesmen thought that they could regulate the 
value of commodities by law, and the statute-book contained many 
such laws. But experience showed that such laws were absolutely in- 
operative, and, after having been abandoned in practice, were at 
length expunged from the statute-book. ‘The attempt to restore bimet- 
alism is simply the endeavor to revive this exploded economic fallacy. 
If it were possible to establish a fixed ratio between gold and silver 
by international agreement, it would be equally possible to fix the 
value of all commodities. Innumerable mercantile catastrophes are 
caused by the unexpected change in the value of commodities: why 
not then fix the value of all commodities, and so remove the cause of 
multitudes of mercantile calamities ? 

Agriculturists are suffering the extremest depression from the fall 
in the value of their produce. Why not then fix the value of corn at 
a remunerative price by international agreement? If it were printed 
in all the statute-books of the world that the price of wheat should be 
6os. a quarter, does any person of common sense suppose that the 
price of wheat would rise one farthing ? 

It was formerly found impossible to fix the value of the metals, or 
the value of inconvertible paper money, by laws sanctioned by the 
direst penalties; how then can it be possible to do so by merely 
printing so many words in a book ? 

Mr. Heseltine complains of the paucity of writers in favor of mono- 
metalism. But there is no need of a multitude of writers on the 
subject. ‘The indubitable historical facts which prove the impossibil- 
ity of bimetalism are contained in the histories of the coinage of every 
country of Europe for five centuries. And the monumental works of 
Oresme, Copernicus, Gresham, Petty, Locke, Newton, Harris, Lord 
Liverpool, the minute of the government of India in 1805, and the 
decision of the British government in 1816, contain, among many 
others, the arguments against bimetalism and in favor of monometalism 
which are unanswered and unanswerable. There is nothing to be 
added to what they have already said, and their arguments can gain 
no additional strength by being repeated by scores of writers. Neither 
do fallacious assertions become true by being repeated a multitude ot 
times. 

Moreover, every government in Europe, after having vainly at- 
tempted to maintain bimetalism for five centuries, has abandoned it as 
impracticable and injurious, and adopted monometalism. This course 
of statesmen, who are responsible for the administration of great States, 
is of infinitely more worth than any number of writers. —Vineteenth 
Century 
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MODERN THEORIES AS TO ELECTRICITY. 
By Henry A. Rowland. 


T is not uncommon for electricians to be asked whether modern 
science has yet determined the nature of electricity, and we often 
find difficulty in answering the question. When the latter comes 

from a person of small knowledge which we know to be of a vague and 
general nature, we naturally answer it in an equally vague and general 
manner: but when it comes from a student of science anxious and 
able to bear the truth, we can now answer with certainty that electricity 
no longer exists. Electrical phenomena, electrostatic actions, electromag- 
netic actions, electrical waves,—these still exist and require explana- 
tion; but electricity, which, according to the old theory, isa viscous 
fluid throwing out little amoeba-like arms that stick to neighboring 
light substances and, contracting, draw them to the electrified body, 
electricity as a self-repellant fluid or as two kinds of fluid, positive and 
negative, attracting each other and repelling themselves,—this electric- 
ity no longer exists. For the name electricity, as used up to the 
present time, signifies at once that a substance is meant, and there is 
nothing more certain to-day than that electricity is not a fluid. 

This makes the task of one who attempts to explain modern elec- 
trical theory a very difficult one, for the idea of electricity as a fluid 
pervades the whole language of electrical science, and even the defini- 
tions of electrical units as adopted by all scientists suggest a fluid theory. 
No wonder, then, that some practical men have given up in despair 
and finally concluded that the easiest way to understand a telegraph 
line is to consider that the earth is a vast reservoir of electrical fluid, 
which is pumped up to the line wire by the battery and finally descends 
to its proper level at thedistantend. Is not this the proper conclusion 
to draw from that unfortunate term ‘‘ electric current’’ ? Remembering 
this fact,—that we cannot yet free ourselves from these old theories, 
and exactly suit our words to our meaning, —we shall now try to under- 
stand the modern progress in electrical theory. 

This whole progress is based upon something in the human mind 
which warns us against the possibility of attraction at adistance through 
vacant space : Newton felt this impossibility in the case of gravitation, 
but it is to Faraday that we must look principally for the idea that 
electrical and magnetic actions must be carried on by means of a medium 
filling all space and usually called the ether. The development of this 
idea leads to the modern theory of electrical phenomena. 

Take an ordinary steel magnet and, like Faraday, cover it witha 
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sheet of paper. and upon this sprinkle iron filings. Mapped before us 
we see Faraday’s lines of magnetic force extending from pole to pole. 
We can calculate the form of these lines on the supposition that 
a magnetic fluid is either distributed over the poles of the magnet or 
on its molecules, assuming that attraction takes place through space 
without an intervening medium. But at this idea the mind of Faraday 
revolted, and he conceived that these lines, drawn for us by the iron 
filings, actually exist in the ether surrounding the magnet; he even 
conceived of them as having a tension along their length anda repulsion 
for one another perpendicular to their length. 

Two magnets, then, near each other, become connected by 
these lines, which, like little elastic bands always pulling along their 
length, strive to bring the magnets together. ‘These so-called lines of 
force (now called tubes of force) were, by his theory, conducted better 
by iron and worse by bismuth than by the ether of space, and so 
gave the explanation of magnetic attraction and diamagnetic repulsion. 

The same theory of lines of force was also applied by Faraday to 
electrified bodies, and thus all electrostatic attractions were explained. 
by this idea of lines of force it will be seen that Faraday did away 
with all action at a distance and withall magnetic and electrical fluids, 
and substituted, instead, a system in which the ether surrounding the 
magnet or the electrified body became the all-important factor and the 
magnet or electrified body became simply the place where the lines of 
force ended: where a line of magnetic force ended, there was a portion 
of ¢maginary magnetic fluid; where a line of electric force ended, 
there was a portion of emaginvary electric fluid. As the quantities of 
so-called plus and minus electricity in any system are equal, we can 
thus imagine every charged electrical system to be composed of a 
group of tubes of electrical force (more strictly electric induction ) 
which unite the plus and minus electrified bodies, each unit tube hav- 
ing one unit of plus electricity on one end and one unit of minus 
electricity on the other. The tension along the tube explains the rea- 
son why such an arrangement acts as if there were real plus and minus 
electrical fluids on the ends of the tube, attracting one another at a 
distance. Consider a plus electrified sphere far away from other 
bodies. ‘The lines of force radiate from it in all directions, and, being 
symmetrical around the sphere, they pull it equally in all directions. 
Now bring near it a minus electrified body, and the lines of force turn 
toward it and become concentrated on the side of the sphere toward 
such a body. Hence the lines pull more strongly in the direction of 
the negative body, and the sphere tends to approach it. 

In the case of a conducting body the lines of force always pass out- 
wards perpendicularly to the surface, and hence, if we know the distri- 
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bution of the lines over the surface, or the so-called surface density of 
the electricity, we can always tell in which direction the body tends to 
move. It is not necessary to know whether there are any attracting 
bodies near the conductor, but only the distribution of the lines. ‘These 
lines then do away with all necessity for considering ‘action at a dis- 
tance, for we only have to imagine a kind of ether in which lines of 
force with given properties can exist, and we have the explanation of 
electric attraction. 

But the question now arises as to how the lines of electric force can 
be produced in the ether, or, in other words, how bodies can be 
charged. 

In the first place we know that equal quantities of plus and minus 
electricity are always produced. As an illustration, suppose it is re- 
quired to charge two balls with electricity. Pass a conducting wire 
between them with a galvanic battery in its circuit. The galvanic 
battery generates the lines of force: these crowd together around it and 
push each other sideways until their ends are pushed down the wire 
and many of them are pushed out upon the balls. 

When the tension backwards along the lines of force just balances 
the forward push of the electromotive force of the battery, equilibrium 
is established. If the wire is a good conductor, there may be electrical 
oscillations before the lines come to rest in a given position, and this I 
shall consider below. 

The motion of the ends of the lines of force over and in the wire 
constitutes what is called an glectric current in the wire which is 
accompanied by magnetic action around it and also by waves of 
electromagnetic disturbance which pass outward into space. 

If, after equilibrium is established, we remove the wire, we have 
simply two charged spheres connected by lines of electrostatic force 
and thereby attracted to each other. If we replace the battery by a 
dynamo or by an electric machine the effect is the same. 

But there is another way by which bodies are often charged and 
that is by friction. In this case we can suppose the glass to take hold 
of one end of the lines of force and the rubber the other end and it is 
then only necessary to pull the bodies asunder to fill the space with 
lines. ‘lhe friction is merely needed to bring the two bodies into in- 
timate contact and remove them gently from each other. 

‘The following considerations may guide us in understanding the 
details of the process. It is well known from Faraday’s researches 
that a given quantity of electricity has a fixed relation to the chemical 
equivalents of substances. ‘Thus it requires 10,000 absolute electromag- 
netic units of electricity to deposit 114 grams of silver, 68 grams of 
copper, 34 grams of zinc, etc. 
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Hence we can consider, for instance, in chloride of silver that the 
atoms of silver are joined to the atoms of chlorine by lines of electro- 
static force which hold them to each other. — If, by rubbing the chloride 
of silver, we could remove the chlorine on the rubber while leaving 
the silver, we could stretch them asunder and so fill space with the lines 
of electrostatic force. According to this theory, then, each atom has 
a number of lines of force attached to it, and it is only by stretching 
the atoms apart that we can fill an appreciable space with them and so 
cause electrostatic action at a distance. 

We come to the conclusion, then, that all electrification is originally 
produced by separating the atoms of bodies from one another, which 
can be done by breaking contact, by friction, or by direct chemical 
action of one substance on another, or in some other manner not so 
common. ‘The lines of electrostatic force in a case of electricity at 
rest must always begin and end on matter, and they can never have 
their ends in space free from matter. ‘The ends can be carried along 
with the matter, constituting electric convection, or they can slide 
through a metallic conductor or an electrolyte or rarefied gas, making 
what we call an electric current ; but, as they cannot end ina vacuum, 
they cannot pass through it. ‘Thus we conclude that a vacuum is a 
pertect non-conductor of electricity. 

The exact process by which the ends of the lines of force pass 
through and along a conductor can at present be only dimly imagined, 
and no existing theory can be considered as entirely satisfactory. In 
the case of an electrolyte, however, we gan form a fairly perfect picture 


ot what takes place as the decomposition goes on. ‘Thus, in the case of 


zinc and copper in hydrochloric acid, we can imagine the zinc plate 
attracting the chlorine of the acid, thus stretching out the natural line 
of electric force connecting the chlorine atom and the first hydrogen 
atom: we can imagine the atoms of chlorine and hydrogen in the 
body of the liquid recombining with each other and their lines of force 
uniting until they form a complete line long enough to stretch from the 
zine to the copper plate ; and all without once making a line of force 
without its end upon matter. We can further imagine the ends of this 
line sliding along the copper and zinc plates to the conducting wires 
and down their length, thus making an electric current and carrying 
the energy of chemical action to a great distance. 

If the ends of the lines should slide along the wire without any 
resistance, the wire would be a perfect conductor: but all substances 
present some resistance, and in this case heat is generated. ‘This we 
always find where an electric current passes along a wire ; as to the ex- 
act nature of this resistance or the nature of metallic conduction in 
general we know little, but I believe we are approaching the time 
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when we can at least imagine what happens in this most interesting 
case. 

Besides the heating due to the electric current, steadily flowing, we 
must now account for the magnetic lines of force surrounding the cur- 
rent and the magnetic induction of one current on the other. 

If the current is produced by the ends of the tubes of electrostatic 
force moving along the wire, then we may imagine that the movement 
of the lines of electrostatic force in space produces the lines of 
magnetic force in a direction at right angles to the motion and to the 
direction of the lines of electrostatic force. At the same time we must 
be careful not to assume too readily that one is the cause and the other 
the effect : for we well know that a moving line of magnetic force (more 
properly induction ) produces, as Faraday and Maxwell have shown, an 
electric force perpendicular to the magnetic line and to the direction of 
motion. Neither line can move without being accompanied by the 
other, and we can, for the moment, imagine either one as the cause of 
the other. However, for steady currents, it is simpler to take the mov- 
ing lines of electrostatic force as the cause and the magnetic lines as the 
effect. 

We have now to consider what happens when we have to deal with 
variable currents rather than steady ones. 

In this case we know from the calculations of the great Maxwell 
and the demonstrations of Hertz that waves of electromagnetic disturb- 
ance are given out. ‘To produce these waves, however, very violent 
disturbances are necessary. A fan waved gently in the air scarcely 
produces the mildest sort of waves, while a bee, with comparatively 
small wings moved quickly and vigorously, emits a loud sound. 

So, with electricity, we must have a very violent electrical vibra- 
tion before waves carrying much energy are given out. 

Such a vibration we find when a spark passes from one conductor 
to another. ‘The electrical system may be small in size, but the im- 
mensely rapid vibrations of millions of times per second, like the quick 
vibration of a bee’s wing, sends out a volume of waves that a slowly 
moving current is not capable of producing. ‘The velocity of these 
waves is now known to be very nearly 300,000 kilometers per second. 
This is exactly the velocity of waves of light, or other radiation in 
general, and there is no doubt at present in the minds of physicists 
that these waves of radiation are electromagnetic waves. 

By this great discovery, which almost equals in importance that of 
gravitation, Maxwell has connected the theories of electricity and of 
light, and no theory of one can be complete without the other. Indeed 
they must both rest upon the properties of the same medium which 
fills all space—the ether. 
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Not only must this ether account for all ordinary electrical and 
magnetic actions, and tor light and other radiation, but it must also 
account for the earth’s magnetism and for gravitation. 

To account for the earth’s magnetism, we must suppose the ether 
to have such properties that the rotation of ordinary matter in it pro- 
duces magnetism. ‘lo account for gravitation it must have such prop- 
erties that two masses of matter in it tend to move toward each other 
with the known law of force, and without any loss of time in the action 
of the force. We know that moving electrical or magnetic bodies re- 
quire a time represented by the velocity of light before they can at- 
tract each other in the line joining them. But, for gravitation, no 
time is allowable for the propagation of the attraction. 

But the problem is not so hopeless as it at first appears. Have we 
not in two hundred and fifty years ascended trom the idea of a viscous 
fluid surrounding the electrified body and protruding arms outward to 
draw in the light surrounding bodies to the grand idea of a universal 
medium which shall account for electricity, magnetism, light, and 
gravitation ? 

The theory of electricity and magnetism reduces itself, then, to the 
theory of the ether and its connection with ordinary matter, which we 
imagine to be always immersed in it. The ether is the medium by 
which alone one portion of matter can act upon another portion at a 
distance through apparently vacant space. 

Let us then attempt to see in greater detail what the ether must 
explain in order that we may, if possible, imagine its nature. 

ist. It must be able to explain electrostatic attraction. ‘These 
electrostatic forces are mostly rather feeble as we ordinarily see them. 
Air breaks down and a spark passes when the tension on the ether 
amounts to about ;,}, pound to the square inch. It is the air, how- 
ever, that causes the break-down. ‘Lake the air entirely away, and we 
then know no limit to this force. In a suitable liquid it may amount 
to 500 times that in air or 5 pounds to 1 square inch, and become a 
very strong force indeed. [na perfect vacuum the limit is unknown, 
but it cannot be less than in a liquid, and may thus possibly amount 
to hundreds, if not thousands, of pounds to the square inch. 

2d. It must explain magnetic action. These actions are appar- 
ently stronger than electrostatic actions, but in reality they are not 
necessarily so. A tension on the ether of only a few hundred pounds 
on the square inch will account for all magnetic attraction that we know 
of, although we are able to fix no limit to the force the ether will sus- 
tain. No signs have ever been discovered of the ether breaking down. 

Again, we must be able to account for the magnetic rotation of 
polarized light as it passes through the magnetic field ; and it can 
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only be accounted for by assuming a rotation around the lines of mag- 
netic force. ‘This action, however, takes place only while the lines 
of magnetic force pass through matter, and it has never been observed in 
the ether itself. ‘The velocity of rotation, however, is immense, the 
plane of polarization rotating in some cases 300,000,000 times per 
second. 

‘The ether must also account for the earth’s magnetism. If we assume 
that magnetic lines of force are simply vortex filaments in the ether, 
we have only to suppose that the ether is carried around by the rota- 
tion of the earth, and we have the explanation needed. ‘The magnet- 
ism of the earth would then be simply a whirlpool in the ether. 

3d. ‘The ether must be able to transmit toa distance an immense 
amount of energy either by means of electromagnetic waves as in light 
or by the similar action which takes place in the ether surrounding a 
wire carrying an electric current. 

The amount of energy which can be transmitted by the ether in 
this manner is enormous, far exceeding that which can be carried by 
anything composed of ordinary matter. ‘Thus take the case of sun- 
light: on the earth’s surface illuminated by strong sunlight a horse- 
power of energy falls on every 7 square feet. At the surface of the 
sun the etherial waves carry energy outward at the rate of nearly 8000 
horse-power per square foot ! 

Again, an electric wire as large as a knitting needle, surrounded 
with a tube half an inch in diameter in which a perfect vacuum has 
been made to prevent the escape of electricity, may convey to a dis- 
tance a thousand horse-power, indeed even ten thousand or more 
horse-power, there being apparently no limit to the amount the 
ether can carry. 

Compare this with the steam-engine, where only a few hundred 
horse-power require an enormous and clumsy steam pipe. Or, again, 
the amount carried by a steel shaft, which, at ordinary rate of speed, 
would require to be about a foot in diameter to transmit 10,000 horse- 
power. 

When we compare the energy transmitted through a square foot of 
ether in waves, as in the case of the sun, with the amount that can be 
conveyed by means of sound waves in air or even sound waves in steel, 
the comparison becomes simply ridiculous, the ether being so im- 
mensely superior. As quick as light, the ether sends its wave energy 
to the distance of a million miles while the sluggard air carries it one. 
Thus, with equal strain on each, the ether carries away a million times 
the energy that the air could do. 

4th. ‘The ether must account for gravitation. For this purpose we 
are allowed no time whatever to transmit the attraction. As soonas the 
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position of two bodies is altered, just so soon must the line of action 
from one to the other be in the straight line between them. 

If this were not so, the motion of the planets around the sun would 
be greatly altered. ‘Toward the invention of such an ether, capable 
of carrying on all these actions at once, the minds of many scientific 
men are bent. Now and then we are able to give the ether such proper- 
ties as to explain one or two of the phenomena, but we always come 
into conflict with other phenomena that equally demand explanation. 

There is one trouble about the ether which is rather difficult to 
explain, and that is the fact that it does not seem to concentrate itself 
about the heavenly bodies. As far as we are able to test the point, 
light passes in a straight line through space even when near one of 
the larger planets, unless the latter possesses an atmosphere. ‘This 
could hardly happen unless the ether was entirely incompressible or 
else possessed no weight. 

If the ether is the cause of gravitation, however, it is placed out- 
side the category of ordinary matter, and it may thus have no weight 
although still having inertia,—a thing impossible for ordinary matter 
where the weight is always exactly proportional to inertia. 

Ether, then, is not matter, but something on which many of the 
properties of matter depend. 

It is curious to note that Newton conceived of a theory of gravita- 
tion based on the ether, which he supposed to be more rare around 
ordinary matter than in free space. But the above considerations 
would cause the rejection of such a theory. We have absolutely no 
adequate theory of gravitation as produced by the ether. 

To explain magnetism, physicists usually look to some rotation in 
the ether. ‘The magnetic rotation of the plane of polarization of light 
together with the fact of the mere rotation of ordinary matter, as 
exemplified by the earth’s magnetism, both point to rotation in the 
ether as the cause of magnetism. A smoke ring gives, to some extent, 
the modern idea of a magnetic line of force. It is a vortex filament 
in the ether. 

Electrostatic action is more difficult to explain, and we have hardly 
got further than the vague idea that it is due to some sort of elastic 
yielding in the ether. 

Light and radiation in general are explained when we understand 
clearly magnetic and electrostatic actions as the two are linked to- 
gether with certainty by Maxwell’s theory. 

Where is the genius who will give us an ether that will reconcile 
all these phenomena with one another and show that they all come 
from the properties of one simple fluid filling all space, the life-blood 
of the universe—the ether ? 
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THE DRAINAGE SYSTEM OF THE VALLEY OF 
MEXICO. 
By Seior Don Matias Romero, 
The Mexican Minister at Washington. 


EXICO is about finishing a great work, the drainage of the 
Mexican valley, which has required for its completion nearly 
three hundred years and many millions of dollars, and has cost 

the lives of hundreds of thousands of men. ‘The necessity, importance, 
and magnitude of this work, which will be classed among the 
grandest achievements of men, and the nearness of its completion, in- 
duce me to write this paper, which I hope will give some idea of its 
scope and purpose. I do not pretend to originality, as my work to 
some extent has been one of compilation from different monographs, 
which have appeared from time to time, and from some official publi- 
cations of the Mexican government. I am indebted, also, to Mr. 
Farmer P. Gaston, and others for assistance. 

The Valley of Mexico is an immense basin, of approximately cir- 
cular shape with one extreme diameter of about sixty miles, completely 
bounded by high mountains, and having only two or three quite high 
passes out of it. No water drains out of the basin. The surface of 
this valley has a mean altitude above the sea of 7413 feet, and an area 
of about 2220 square miles. 

Mountain ranges rise on every side, making a great corral of rock 
containing dozens of villages and hamlets with the ancient capital in 
the center. In times past the fires of volcanoes licked up the earth, 
and such fires still live in the mammoth Popocatapetl, from whose 
great maw sulphur fumes and smoke with jets of flame have poured 
through the centuries. 

The valley thus hemmed in with solid walls of rock had been an 
inland sea for many cycles, and during the early existence of man here 
the salt waters spread over a large extent of the depression. The 
waters have been gradually lessening by seepage and evaporation, and 
the Aztec pilgrims coming from the north in the fourteenth century, 
having received a sign that they were to build their queen-of-the- 
world city on a small island of the sea, set about building dikes and 
combating the overflow of the waters. Many of their works remain to 
this day, and show that the valley was divided by them into five great 
departments. ‘The dikes were built under the direction of King 
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Netzahualcoyotl, a relative of the Emperor Moctezuma, whose surviv- 
ing works prove him to have been an engineer whose conceptions and 
accomplishments would have given him high standing even among 
modern engineers. 

One of the immense dikes he built was ten miles long. It divided 
Lake ‘Texcoco into two parts. Of the two lakes thus formed one was 
allowed to remain salt, but the other was freshened by allowing only 
fresh water to enter by the streams flowing in, the water for the use of 
the city being taken from this latter. Little by little the waters have 
subsided since that period, and have been fought back, until now they 
are confined to six great lakes—Chalco, Xochimilco, ‘Texcoco, Xalt- 
ocan, San Cristobal, and Zumpango. Each of these lakes is fed by 
streams which have little volume during the dry season, but which 
in the rainy season swell to considerable size, and at times overflow the 
valleys. ‘The Lake of Zumpango was the most dangerous of these, for 
it received the waters of the Cuautitlan river,—a river draining a large 
area of country, and having during the rainy season a large volume of 
water. ‘This river has been turned into the cut of Nochixtongo, and 
has ceased to threaten Mexico and its environs with its overflow. 

From these topographical conditions frequent floodings of the old 
Aztec city end of the Spanish capital, situated almost at the lowest 
point of the valley, were sure to come in times of unusually heavy 
rains. In early days, when the Aztecs lived in the middle of Lake 
Mexico, when their temples and wigwams were built on piles and the 
streets were often only canals, the periodical overflows from the upper 
lakes were a matter of small concern, though even then the Nahua en- 
gineers were called upon to protect the city by dikes. But when by 
evaporation, by filling in at the site of the city, by lessened waters, 
due to the fissures caused by earthquakes, Lake Mexico had disappeared, 
and the city had come to be built on the spongy soil ; above all, 
when the short-sighted choice of Cortez had been confirmed and the 
capital of New-Spain had come to stand on the ruins of the Aztec town, 
increasing rapidly in population and wealth,—it became a serious mat- 
ter that on an average of once in twenty-five years the streets should be 
from two to six feet under water for an indefinite time. 

Several times in the past, and centuries since the establishment of 
the city, the waters have been forced above their banks by freshets and 
floods from the hills; and although such events were not frequent, 
they nevertheless taught the dwellers in the town that in the waters 
lurked a constant menace to life and property. During the last great 
inundation in the seventeenth century the water stood at the level of 
the second story of the houses in the City of Mexico for several years, 
and even now the water marks of the flood which made the place into 
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a western Venice are to be discerned. ‘The removal of this danger from 
floods has been in the past a question of constant perplexity and debate. 

Various attempts were made to remedy this condition of things, 
but nothing effective was accomplished until the early part of the 
seventeenth century, when plans were prepared for the building of a 
canal from Lake Zumpango to the foot of the mountains at Huehue- 
toca, thence a tunnel through the ridge over a league in length and 
nearly 15 feet wide by 12 in height, leading into a cut whence the 
river Tula was reached. 

The cut of Nochixtongo was the result of this plan of tunneling for 
an escape of the waters, proposed by Enrico Martinez, a humble 
printer, early in the seventeenth century. After much indifference 
and delay his plan was finally approved in part, and he was put in 
charge of the work ; but he was sadly hampered by opposition and the 
changes made from his original design. Work on the tunnel of ten 
miles’ length was commenced in November, 1607, and by working 
15,000 Indians the task was completed in the almost incredible space 
of eleven months. Spain, engaged in armed debates with European 
enemies at this time, left no funds in Mexico for prosecuting public 
works. The tunnel was therefore completed with the least possible 
cost, and instead of being lined with masonry it was merely timbered 
after the fashion of ‘‘lagging’’ ina mine. On the waters from Zum- 
pango, the highest lake, being turned through it, serious cavings in of 
the top and sides of the earthen exit very naturally resulted. 

The problem was only partially and unsatisfactorily solved by this 
tunnel. In 1627 heavy rains caused the Cuautitlan to overflow into 
the lower lakes. and Mexico was left under eighteen inches of water. 
In 1629 the city was six feet under water, and remained so practically 
for four years. ‘The question of moving the city to higher ground 
was then seriously considered. Fortunately, in 1634, an earthquake 
rent the valley and drew off the water, so that it was possible to fall 
back on the former plan of mending dikes and repairing the tunnel. 

The tunnel was blocked up by this cause, and Martinez was cruelly 
scored for not having done his work aright by the very ones who had 
refused to give him the necessary material for it. He bravely essayed 
to repair the damage, but the water-soaked condition of the ground 
gave no resistance for the building of the needed walls, while death 
mowed down the enslaved workers. ‘They were crushed to death by 
the frequent cavings in of the loose soil, or were sent to the grave 
by the deadly damps. Finally, the charge being made that the 
builder was blocking up the tunnel in revenge, he was thrown into 
prison, where he languished for many months. As there was no one 
else available who could carry on the great work, he was afterwards 
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released and again put in charge. It was then decided that, the 
tunnel being completely useless, the next thing to be done would be to 
make a great cut down to the tunnel and thus open it out. This en- 
tailed the making of an excavation fourteen miles in length with an 
average depth of 180 feet and width of 4oo feet. 

Martinez struggled on with this work for 37 years, and then died 
an unhonored death. All trace of his place of final rest was lost. 
The Spaniards continued the work in other hands for 150 years before 
the task of opening the cut was completed. Spasmodic work for a 
century and a half led at last to the accomplishment of this project in 
1789. ‘The old tunnel of Martinez is now a gigantic trench from 30 
to 160 feet in depth and 300 feet broad in some places, and is known as 
the ‘Tajo de Nochixtongo. The immediate vicinity of the workings 
was depopulated of its native inhabitants by the insatiable demands of 
the killing labor, and recruits were then drawn from Puebla and other 
thickly populated Indian centers. Great prison barracks were built on 
the bare hills, and here all the criminals were sent to enter the work. 
The ones in charge were indifferent with regard to the lives entrusted 
to their care, and the slaughter, of which scant record remains in the 
parish burial books, and which resulted from a combination of defects 
in appliances for both the safety and the comfort of the workmen, was 
terrific. As the burial trenches were filled with new dead, the depths 
of the cut were tenanted by new laborers. 

The victims of three years of bondage numbered fully 200,000 ere 
the work was done. Yet the results were but slight, only the excess 
of water from the highest lakes and streams being carried off. How- 
ever, the danger from inundation of the city has been very materially 
decreased by the Nochixtongo opening, and no more deluges have 
occurred since its completion. 

Still the fact that the bottom of the cut was thirty feet higher than 
the surface of Texcoco, the lowest lying of the lakes, left the city in 
danger of inundation, as Lake Texcoco is constantly filling up at the 
rate of one and one-half inches a year and is now but a few feet below 
the level of the main plaza of the city. 

The drainage works had long been a heavy burden upon the 
Mexican treasury. Up to 1637 Bancroft estimates that $3,000,000 
had been expended. Up to the year 1800 the outlay had reached 
$6,247,670. Up to 1830 the total expenditure was $8,000,000. 

The problem faced to-day by the Mexican government is very 
different from that which confronted Martinez in 1607. The ques- 
tion of preventing submergence is practically solved. The work of 
Martinez, unsatisfactory as it was, did a great deal to solve it. Since 
his day the area of the lakes has been gradually diminishing. The 
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rapid evaporation in the rarefied air and under the direct sun of the 
valley partly accounts for this. ‘Twice the water in Lake ‘Texcoco has 
almost entirely disappeared, leaving only a sea of mud and a small 
pool. ‘The great problem which the Mexican government is now try- 
ing to solve is not how to prevent an inflow of water, but how to 
provide an outlet for sewerage. ‘The danger now to be averted is not 
that of drowning, but that of dying from the plague. 

Lake Texcoco more than any other now menaces the security of the 
capital. ‘The unwise cutting down of forests since the Spanish con- 
quest permits the waters pouring down into the valley to bring with 
them annually great quantities of alluvial matter, which have so much 
raised the lake bottom and the water level that inundations have been 
of frequent occurrence. ‘The general level of the City of Mexico is 
only 6.56 feet above the surface of the lake. ‘The rainy season lasts 
from June to October inclusive. During this season five times as much 
water falls as during the rest of the year, evaporation can no longer 
compensate for rainfall, and the valley is more or less flooded. 

Originally built in the midst of a lake, the city has been left on 
dry ground by the receding waters. Lake ‘Texcoco,—some three miles 
distant,—Chalco, and Xochimilco have altitudes nearly four feet greater 
than the pavement of the capital. Still more imperiously do the 
lakes to the north dominate the city. San Cristobal and Xaltocan are 
about five feet, while Zumpango is over thirteen feet, above it. 

The project now almost completed is a modification of a scheme 
projected by Simon Mendez in the time of the Spanish government, 
and which in 1849 was adopted by Captain Smith of the corps of 
American engineers which accompanied General Scott’s army. ‘The 
tunnel was ultimately located under the saddle and through the ravine 
of Acatlan, its mouth being near the village of ‘Tequixquiac. The 
works have been begun several times, and then suspended without ef- 
fecting anything of importance. In 1866 the works now nearing 
completion were commenced. A project proposed by Sefior Francisco 
de Garay, a well-known engineer of the City of Mexico, was pro- 
nounced the most feasible. But the revolutionary struggle succeeded, 
and for many years the work was relegated to the background. 

In 1879 engineer Don Luis Espinosa, the present director of the 
works, took charge of the undertaking. In the first period mentioned 
the cutting of ‘Tequixquiac was excavated, and the greater part of the 
shafts were begun ; but at that point the work was stopped by political 
agitations. ‘The work was really commenced in 1885, when the city 
council of Mexico submitted a project to the federal government, 
and offered to contribute largely to the cost. 

President Porfirio Diaz then named a special commission with 
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ample authority to disburse the funds dedicated to the work, and this 
body up to the present date has directed its execution. ‘The sum of 
$400,000 per annum was placed at the disposal of the commission by 
the city council, and this amount was increased by the government 
to a sufficient sum. Two years later the city council, contracted a 
loan in London of £ 2,400,000, the proceeds of which have served 
to meet the current cost of the work and to guarantee its successful 
issue. 

The city council was able to assume the entire responsibility of 
the work, as the federal government ceded to it a part of the taxes to 
be collected, and authorized it to collect new taxes. Having ex- 
pended the proceeds of the £2,400,000 loan without finishing the 
work, the Mexican government applied to its completion a portion of 
another federal loan of 43,000,000 recently negotiated in London. 

The drainage works, when carried out, will receive the surplus 
waters and sewage of the City of Mexico and carry them outside of 
the valley, and will also control the entire waters of the valley, af- 
fording an outlet, whenever found necessary, to those which might 
otherwise overflow fields and towns, rendering the soil stagnant and 
marshy. ‘The work consists of three parts—a canal starting from the 
gate of San Lazaro and having a length of 47.580 kilometers, its line 
following on the eastern side of the Guadalupe range of hills and 
between that range and Lake Texcoco, changing its direction after 
arriving at the zoth kilometer to a northeasterly direction, so as to 
diagonally cross Lake San Cristobal, a part of Lake Xaltocan, and 
a part of Lake Zumpango, and arriving finally at the mouth of the 
tunnel near the town of Zumpango. 

The level of the bottom of the canal above the datum line 
adopted is 2.25 m. and the mouth of the tunnel is 9.20 m. below the 
same datum, supposed to pass 10 meters below the bottom of the Aztec 
calander stone. ¢ The level of the ground at the beginning of the canal 
is 8.94 m., and at the end 15.86 m., above datum. ‘The uniform 
slope of the canal is at the rate of 0.187 per kilometer. 

The canal has a depth, at its commencement, of 5.50 m., which in 
the last few kilometers is increased to 20.50 m. ‘The side slopes were 
projected with a batter of 45 degrees, and the width of the bottom is 
5.50 m. for the first 20 kilometers, and 6.50 in the rest of the canal. 
Referring to the map, the first 20 kilometers may be considered as a 
prolongation of the net of sewers in the city, and will receive only the 
water that passes through them. ‘The flow is calculated for an average 
of 5 cubic meters, although, when heavy rains require it, they can 
receive a greater volume; the rest of the canal communicates with 
Lake Texcoco, and will be utilized in controlling its waters, —the low- 
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est in the valley,—which can be made to flow into the canal from all 
parts. Hence the canal has been built to carry the largest flow that 
can pass through the tunnel, or 18 cubic meters per second. The 
cutting is through a strictly clay formation, comprising occasional thin 
strata of sand and sandstone. ; 

For accommodation of railroads, wagon roads, and water courses 
it will be necessary to construct five aqueducts—four of masonry and 
one of iron—to carry rivers, four iron bridges for the passage of rail- 
roads, and 14 bridges for other roads. 

The sewers of the City of Mexico form a network of covered chan- 
nels, located sometimes in the middle and sometimes on the sides of 
the streets, these being almost always gorges, communicating with a 
system of secondary sewers that empty into a collecting sewer discharg- 
ing into the canal of San Lazaro, which transports the sewage to Lake 
Texcoco. If the water is high in the lake, water backs up into the 
sewers and saturates the soil under the houses and streets. As this 
has been the condition for several centuries, the state of the subsoil 
under the city can be better imagined than described. ‘The death- 
rate touches 40 per 1000,—the highest in the civilized world. Mexico's 
elevation of over 7ooo feet is all that saves it from a pestilence. 
Malarial and gastric fevers are almost continually epidemic. 

For acentury the problem has been settling into one of pure sani- 
tation. The plans which the government has been working since 
about 1883, though called plans for draining the valley, really seek to 
get a fall sufficient to dispose of the sewage. In fact, in the original 
plan, from considerations of economy, care was to be taken to keep 
out of the projected canal all water both from the surface of the valley 
and from the rivers. The Consulado and the Guadalupe rivers were 
to be carried over the new canal in iron aqueducts. ‘The drainage 
system was thus to be simply a part of the sewerage system of the city. 

The excavated materials have been tipped on each side of the canal 
at their natural slopes, and a towpath near the canal level provided. 
Sluice gates will direct the city drainage either to the canal or to Lake 
Texcoco. A sluice gate at the junction of the smaller with the larger 
part of the canal will control the flow of Lake Texcoco, and another 
sluice will be placed at the entrance of the tunnel. 

The tunnel has a length of 10,021.79 m., with a curved section 
formed by four curves respectively of the following dimensions. The 
upper part will have a span of 4.185 m. and a rise of 1.570 m.; the 
two lateral arches will have a chord each of 2.36 m., a radius with a 
chord of 2.429 m., and a rise of 0.521 m.; the elevation will be 
4.286 m.; and the greatest width will be the span of the upper arch: 
the accompanying drawings show this section. The tunnel is lined 
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with brick, having a thickness in the upper part of 0.45 m., and in 
the lower part, over which the water will run, of 0.40 m. in the 
side arches and of o.30 in the radius, this latter lining being of 
artificial stone, made of sand and Portland cement. ‘The elevation of 
the invert at the beginning of the tunnel will be 9.20 m. below datum; 
at the end of the tunnel, 17.53 below datum. ‘The gradient will be | 
0.00069 per meter for the first 2170.74 m., 0.00072 for the follow- 

ing 5831 m., 0.001 for 5100 m., and 0.00135 for the rest of the tun- 

nel, these changes being in accordance with changes of details made 4 
from those of the original project, in some cases modifying the section 

and in other cases the lining. ‘Twenty-five shafts each 2 3 meters 

were opened at a distance of 400 m. from each other. ‘These served 

to ventilate the tunnel and to push the work. ‘The deepest of these 

shafts, situated on the saddle of Acatlan, has a depth of 92 m.; the 

shallowest is 21 m. ‘To give an idea of the labor involved beyond 
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the mere tunneling, I may mention that the quantity of materials re- 
«juired per lineal yard of tunnel was 1800 bricks, 94 cement blocks, 3 
cubic yards of mortar, and 70 cubic feet of volcanic stone. 

In May, 1894, the department of public works of Mexico contracted 
with Messrs. S. Pearson and Son of London for the completion of 
the canal, modifying former contracts of December 25, 1889, March 
30, 1891, and April 18, 1893, under the following bases. The un- 
finished excavation in the first nine kilometers, and that between kilo- 
meter 47 and the entrance of the tunnel of ‘Tequixquiac, are to be con- 
tinued by the board of drainage directors, who must have the latter 
portion completed to 1o meters below the surface of the soil by De- 
cember 31, 1894, and to the required depth of the canal by May 31, 
1895, in order that the water in the canal may settle to that level and 
permit the contractors to slope the walls as required by the contract. 
‘The contractors are to complete the canal between kilometers 9 and 
47 for the sum of $3,506,000. For making the monthly estimates the 
canal will be divided into two sections—kilometers 9 to 22 and kilo- 
meters 22 to 47. In the first section the provisional estimate will be 
40 cents per cubic meter; in the second, a sum equal to the quotient 
obtained by dividing the remainder of the money by the number of 
cubic meters to be removed. The contractors may suspend the work 
of the dredges when they fall below 40 cubic meters per hour, and can 
proceed with the excavation in any way they wish. ‘The excavation 
must be completed by May 1, 1896, except in the parts where the 
dredges cannot work. Then for each day’s delay the contractors must 
pay $500 fine, and after five months the contract will be rescinded. 

When the drainage board took charge of the work, it was executed 
by day labor both in the canal and in the tunnel, the latter having the 
larger amounts expended on it. But, shortly afterwards, the contract 
for the tunnel was let to Messrs. Read and Campbell, of London, who, 
after having invested a considerable sum in the work, found them- 
selves under the necessity of cancelling their contract at the beginning 
of the year 1892. ‘These gentlemen have continued to handle the 
work, but as managers, and under the direction of the board. 

The excavation of the grand canal was originally contracted for by 
the Bucyrus Company of the United States, of which Colonel Harris, 
of Cleveland, was the president. ‘This company brought two spoon 
dredges, capable of extracting up to tooo cubic meters per day, and 
with these it commenced its excavations at the 22d kilometer. After 
the lapse of a few months, the board commissioners, desiring to push 
the work of excavation as much as possible, cancelled the contract 
with this company, and executed the one at present in force with the 
English contracting firm of Messrs. S. Pearson and Son, who have 
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undertaken to complete the canal by the month of September, 1895. 
These contractors are carrying out the work of the canal in two 
different ways, —by hand work with centrifugal pumps to draw off the 
water which filters into the work, and by means of enormously power- 
ful Couloir dredgers which have a capacity for 3000 cubic meters of 
excavation per day, and which throw the excavated earth to a distance 
of more than 200 meters from the center of the canal. ‘They have at 
present five of these dredgers at work, and by means of them can ex- 
cavate to a depth of twenty meters, raising the earth to an elevation of 
more than 16 meters, so as to empty it into the shoots, along which it 
is carried by a stream of water that delivers it at a considerable distance 
from the dredger. 

Sixteen months will see the opening of the great water way for 
the escape of the imprisoned floods of the valley, which in centuries 
past have been a constant menace to the city and its safety. The 
canal and six-mile tunnel through the mountain range have a total 
length approaching forty miles. ‘The present works, when completed, 
will take rank with the great achievements of modern times, just as the 
immense ‘‘cut’’ of Nochixtongo, their unsuccessful predecessor, was 
the leader among ancient earthworks in all the world. The new 
tunnel is now complete, and light is shining from one end of it 
to the other. The completed system will have cost $20,000,000. 

I have dealt with these works at some length, because their impor- 
tance to the City of Mexico can hardly be overestimated. Instead of 
being one of the healthiest cities in the world, as it should be with its 
magnificent climate and situation, Mexico unfortunately has a terribly 
heavy death-rate, due principally to want of drainage and generally 
bad sanitary condition. When the existing danger of floods is re- 
moved, and the sanitary evils are remedied by a proper system of 
drainage, the increased security that will be enjoyed by life and prop- 
erty will certainly have its effect on the prosperity of the city. Prop- 
erty will rise in value, the population will grow with rapidity, not to 
mention the tide of tourists that will set in from the United States, 
and this will mean larger revenues for the municipality. 

I could not well finish this paper without paying General Diaz, 
President of Mexico, a just tribute for the great interest he has taken in 
having this great work brought to a close during his administration. To 
his exertions in this regard and to his commanding position in Mexico, 
more than to anything else, this happy result, now almost in sight, is 
due. So after a weary search of centuries for relief, the beautiful val- 
ley of Mexico will gain its deliverance not only from the engulfing 
floods, but from the sanitary evils which have long resulted from 
defective drainage. 
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THE ARCHITECTURE OF MUNICIPAL BUILD- 
INGS. 


By C. Gardner. 


ARLEY was dead to begin with. It is equally certain that 
our municipal architecture is bad,—which is about the same 
thing. In the case of Marley nobody but Scrooge cared to 

ask in what way he diéd, or why, or if he could be brought back to 
life. In the case of our architecture it is extremely desirable to dis- 
cover in what its badness censists, why it has become bad, and then, 
if a reasonable solution of these questions can be found, to inquire still 
further how it can be restored to life and usefulness. 

To plunge at once into the midst of things, no municipal building 
can claim architectural excellence which is not perfectly adapted to its 
site, to its use, to the number and dignity of the people who build it, 
to the length of time it is expected to exist, and to the influence it 
ought to exert upon the community in which it stands. Obviously a 
building suitable for a level plain will not be exactly fitted to crown a 
hill. It would be inexcusable to allow a school-house to present such 
an outward appearance that it might be mistaken for a jail, a factory, 
or a stable; or to give a distinctly ecclesiastical air to a city hall with 
its large family of most unecclesiastical civic offices ; and what would 
be appropriate for a city of half a million inhabitants would be ab- 
surdly disproportioned to one of fifty thousand. ‘To make false use of 
materials, to introduce frauds and cheap imitations, to temporize for 
the sake of saving to-day what will cost double to-morrow, to con- 
struct public buildings that, as long as they endure, will proclaim to 
friends and foes, to citizens and strangers, the vanity, parsimony, or 
ignorance of the people who build them,—all these things ought to be 
easily understood and avoided. And yet it would be difficult to find 
a city from Maine to California in which many of these architectural 
crimes have not been committed, and committed recently. In the 
past, poverty may have been urged as an excuse for some of them. 
But the most grievous faults are not the result of poverty. In fact, that 
stern master is sometimes as beneficent in its effect on municipal 
architecture as it is in the formation of human character,—preventing 
the growth and display of coarse and disastrous inclinations. There 
was also an excusable ignorance, the results of which may be winked 
at. But neither poverty nor ignorance can now be accepted in ex- 
tenuation when a city allows a badly designed, badly planned, badly 
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constructed public edifice to disgrace its citizens. For it must not be 
forgotten that with our form of government every man, in proportion 
to his intelligence and activity, is responsible for all public achieve- 
ments, including mistakes and failures in building. 

Concerning the site for public buildings a fatal, because incurable, 
mistake is often made in their location, and more frequently still in 
the small amount of land appropriated. Leaving esthetic and senti- 
mental considerations aside, it is simply common sense to say that for 
all usual municipal buildings the lot on which each one stands should be 
at least large enough toallow adequate natural lighting of the interior, 
whatever the height of the adjacent buildings may be; to afford ample 
and direct entrances to and exits from different parts of the building ; and 
to preclude all annoyance from the ordinapy use of the nearest streets. 
Fire-engine houses might be an exception to this rule, while for school- 
houses it would often be inadequate. Undoubtedly the city hall, 
which is, par excellence, “Ae municipal building, should be as near the 
center of the city as possible ; and, as land there is sure to be the most 
valuable, the tendency to keep the lot within narrow limits is inevit- 
able. ‘There are few cities that are not suffering from this mistaken 
economy on the part of the citizens, this want of courage and good 
judgment on the part of the city government. 

The wise builders of the middle ages, and of the ages called ‘* dark,”’ 
liked to give their municipal halls room enough not merely for use, but 
for the display of their beauty of form and proportion. They seemed to 
understand better than we do that there is no architectural folly greater 
than placing a noble building where its wealth of beauty will be for- 
ever dimmed, if not wholly lost. It is surely a strange thing with our 
unlimited territory where every city (except New York) has a chance 
to grow and occupy all the room it pleases, if we cannot spare as much 
land for our municipal buildings as the closely built—and often 
walled—cities of the old world. 

In large cities where space is exceedingly valuable the character of 
the ground is of comparatively small importance, except that the ex- 
pense of making a solid bed of a treacherous bog or a bottomless 
quicksand must be added to the cost of the land. This is not the 
place to enter into the details of safe foundations, but it may be said 
that it would be difficult to find a piece of ground on which by the aid 
of engineering skill the heaviest kind of structure may not be placed 
in absolute security and permanence. (This point of fitness to its site 
is, so to speak, double-faced : before the building can suit the site, the 
site must be appropriate for the building. ) 

Adaptation to use includes, of course, the construction of the 
building, the arrangement of the floor plans, and the architectural ex- 
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pression, or style, of the exterior ; and ' : 
while these things would seem to need 
no argument, it is apparent that all 
three of them are oftener determined by j 
tradition and the influence of bad ex- 
amples than by intelligent radical study 
of actual needs. Some _ prevailing 
fashion, some fancied requirements of 
‘“*effect’’ either within or without, 
some useless but long-established man- 
nerism. leads to the continuation of 
faults that never had any excuse for ex- 
istence. It would seem, for instance, 
to go without saying that school build- 
ings in which from one hundred to a 
thousand children assemble once or 
twice a day, where they spend from 
one-third to one-half of their waking 
hours, should be arranged solely for 
their health, comfort, security, and en- 
joyment ; that anything about the build- 
ing which does not tend directly and 
openly to these ends is not only useless 
but offensive ; likewise that the appear- 
ance of such buildings should to the 
greatest possible extent proclaim their 
motive and declare the dignity of their 
mission. And yet with all our professed 
love for free schools, and conviction — Tew" Hall, Oudenarde, Belgium. 
that public education is the corner stone 
of our social and civil institutions,—in 
fact, of the nation itself,—there is often 
a vast inconsistency between our pro- 
fession and our practice. Poorly lighted, 
badly ventilated, inconveniently ar- 
ranged school-houses have been the 
rule rather than the exception until 
within a very few years. We have not 
been averse to making a cheap display 
of liberality, but the ruling passion to 
‘‘reduce the taxes’’ not infrequently 
brings forth school-houses that suggest 
a cross between a cotton factory and 
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a house of correction. 

The only claim of 
fitness to their use in 
such buildings must be 
based on the notion 
that a public school is 
a place where learning 
is manufactured like 
beer in a_ brewery, 
while the passive recip- 
ients thereof are forcibly 
detained in order to re- 
ceive their bitter disci- 
pline. 


The city halls in which the audience of five hundred or five thou- 
sand, as the case may be, can see and hear in safety, in which the ven- 


tilation is not distinctly 
bad, in which the en- 
trances and exits are 
safe, easy, and ample, 
in which the various 
offices are well lighted 
and conveniently 
ranged for the expedi- 
tious transaction of pub- 
lic business, and which 
are placed on large lots 
of land in the most con- 
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venient and suitable part of the city, are also few and far between. 
A public building should be characteristic of the people who build 
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it. Happily in this 
great republic of ours 
there are no such differ- 
ences in rank or charac- 
ter that a type of build- 
ing really appropriate 
for one city would be 
distinctly inappropriate 
for another of similar 
size, though there are 
minor differences that 
may well claim recogni- 
tion. We have univer- 
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PALACE OF THE PODESTA, BOLOGNA, ITALY, 


sity towns, capitals of States, manufacturing and commercial cities, and 
those whose environment and interests are chiefly agricultural, as well 
as the great cities which are cosmopolitan in character. What is most 
perfectly adapted to one of these would not be equally suitable for 
either of the others. 

Suitability to the length of time a building is intended to exist in- 
volves at once the question of materials. Not referring to the visible 
surfaces of the outer walls, there are but two, iron and clay ; iron in- 
cluding steel, and clay including all kinds of bricks, tiles, terra-cotta, 
and cement. At the present time these are the only materials suitable 
for the essential structure of any building intended to endure a century 
or more. Under right conditions, beth are indestructible by time 
and fire, and no one need be ignorant that the difference in cost be- 
tween a building that cannot be burned and one that will dissolve in 
flames like frost before the rising sun is so slight that it would be no 
- extravagance for the most impecunious cities to require all public 
buildings to be fireproof. 

‘« Fire-proofing ’’ the dangerous places, ‘‘ slow burning’’ construc- 
tion, and automatic sprinkling are well as far as they go; but guard- 
ing the dangerous places only drives the danger somewhere else, slow 
burning construction, like the traditional green wood, makes the hot- 
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test fire, when it does burn, and automatic sprinkling is liable to exer- 
cise its automatic instinct at the wrong time, so that after all there is 
nothing like using materials that neither time nor fire will destroy. 

Surely a public building that can be destroyed in a night by con- 
flagration lacks in a fatal degree the essential quality offitness for long 
life. 

Notwithstanding the rapid increase in the use of terra-cotta and 
the generally accepted recognition of its merits, it must be said that 
the modern product of our manufactures is an experiment to the extent 
that it has not yet withstood the test of time ‘There are examples of 
terra-cotta hundreds if not thousands of years old that are apparently 
as perfect now as when made, but they were made in the good old 
times of honesty, not in the modern days of skill,—in adulteration, — 
and time still remains the only infallible test of the material. Yet 
there is such an overwhelming belief in its merits, it lends itself so 
readily to any desired effects of form and color, and is, withal, so 
moderate in cost, that it is impossible to avoid accepting it—risking 
it, if you please—as one of the most satisfactory of building materials. 

The briefest reference to the building stones suitable for exterior 
walls would make a long article ; and, though local pride may suggest 
that the home product should be used, if there is one, there may also 
be a national pride in our wonderful facilities for transportation, which 
make it possible to use whatever seems most desirable without incur- 
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CITY HALL, NEW YORK, 


ring the charge of extravagance. One thing seems apparent: in many 
parts of the country we have become so accustomed to dark red bricks 
and darker brown-stone that we scarcely realize their somber effect. 

When, in the consideration of this same quality, we reach the ques- 
tion of the influence on the community in which it stands, we enter 
upon sentimental and esthetic ground: but there is also a practical ‘ ; 
side. Improved methods of building as regards construction, utility, 
and economy are desirable ; and, from the purely commercial point of 
view, it would bea wise investment for every city to erect at the public 
expense and as often as every two years some useful building which 
should be an object lesson illustrating the best methods of building. 
It is hardly necessary to refer to the fact that the municipal buildings 
of many cities, large and small, are amazingly impressive lessons of 
‘* how not todo it,’’ stern teachers of things to be avoided in the mat- 
ter of materials and workmanship, and in the business methods by 
which the work is executed. 

It is a sign of cowardice or indolence to throw away everything ? 
that is tempting to thieves in order to avoid being plundered, and 
there is no more mistaken notion than that the liberal use of public 


I | 
| | | 

4 


ARCHITECTURE OF MUNICIPAL BUILDINGS. 617 


3 


CITY HALL, ALBANY, N, Y. 


funds is necessarily wasteful and must always be prevented. Stealing 
must be prevented, so must frauds and collusion with dishonest con- 
tractors and with architects who, by illicit commissions from dealers in 
materials or by special ‘‘ arrangements ”’ with contractors, are able to 
convince both the public and the servants of the public that the usual 
professional fees are unnecessarily high. 

This brings us easily to our second inquiry—the causes of the bad- 
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TOWN HALL, NORTH EASTON, MASS. 


ness of our municipal architecture. All things considered, the wonder 
is that it is not worse. ‘Thorns and thistles do not produce grapes and 
figs at the end of the nineteenth century any more than they did at the 
beginning of the first, and there is no reason to expect visible improve- 
ment in the character of our municipal architecture while the present 
methods of obtaining and selecting plans for them prevail. It would 
be almost as reasonable to entrust the cutting and fitting of our clothes 
to the family butcher, on the ground that cutting is at least a part of 
his practice, that he has always been accustomed to wear clothes him- 
self and has often observed them on other people, as to expect the 
average, or even the unusually intelligent, members of a city govern- 
ment to decide wisely on matters that require long, thorough, special 
training and experience. ‘This is far from saying that the average city 
officials are not honest and able men in their respective vocations and 
professions ; their ignorance of architecture is no reproach to them or 
evidence of unfitness for their office ; the reproach lies in their willing- 
ness to judge for their cotemporaries and for posterity concerning 
matters of which they are necessarily ignorant. Even this willingness 
need not be ascribed to excessive conceit,—there is a certain percent- 
age of modest men in all positions ; it is the result of time-honored, 
or rather of time-dishonored practice. The difference between good 
and bad architecture is not only unperceived, it is not considered im- 
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portant. In the popular estimation excellence in this, the noblest, the 
most influential, the most enduring, and at the same time the most 
complex of all the arts, is a mere matter of fancy or of fashion, de- 
pending on familiarity or individual caprice. With by far the greater 
number of people who think of the subject at all, different forms and 
expressions in architecture, or what they suppose to be architecture, 
are thought beautiful for precisely the same reasons that the bonnets 
this year are considered more beautiful and becoming than those of 
last year. In neither case is there the slightest perception of any 
quality that is intrinsically and permanently beautiful. 

And yet a thing of beauty is a joy forever, and we know that there 
is an architecture that has been not only an inspiration but a delight to 
all lovers of the beautiful ; it has given world-wide and immortal fame 
to the people who created it and to the places where it stands; it has 
roused the patriotism, strengthened and sustained the public spirit, of 
the people who have dwelt within the light of its influence. 

Allowing all details of sight, construction, sanitation, arrangement 
of floor plans,to be included in the legitimate scope of architecture,—a 
large allowance by the way,—there is no doubt that the sound judgment 
and common-sense which we have a right to predicate of those selected 
to transact public business 
may very properly be added * 
to the skill of the architect, 
but these tithes of mint, 
anise, and cummin must not 
be esteemed above the 
weightier matters which 
alone give enduring value 
to architecture. It goes 
without saying that con- 
structive skill and ingenuity 
in planning belong to every 
competent architect's equip- 
ment, but the ** practical ’’ 
architects who make a spe- 
cialty of certain constructive 
methods, and claim superior 
ability in some one or more 
of the subordinate features 
of building, are not likely 
to attach a true value to the 
essential and enduring ele- 


ments of architecture. COURT HOUSE, SPRINGFIELD, MASS. 
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CITY LIBRARY, CAMBRIDGE, MASS, 


In these piping times of competition, when towns and cities seem 
more anxious to grow by increasing the number rather than by im- 
proving the quality of their inhabitants, a common cause of archi- 
tectural mediocrity or worse lies in the popular notion that ** home 
talent ’’ must be encouraged. If the results of this home talent in 
architecture passed away with the passing of its possessor, like the work 
of the merchant, the banker, the tailor, and the butcher, there would 
be less danger from this sentiment. Since the work of the architect 
remains as a permanent bane or blessing to an unlimited posterity, the 
shaping of such bequests becomes a grave responsibility, demanding 
something more than the accident of residence, which at most is but 
temporary. 

So I repeat that the first step towards the improvement of muni- 
cipal as of all other architecture will be the employment of compe- 
tent architects, wherever they may be found; and second, the leaving 
of all questions of relative architectural merit to those who, by educa- 
tion, experience, refined esthetic instincts, and judicial quality, are 
competent to answer them wisely. I might add, and by eliminating 
politics from all public work ; but when that happens we shall be ready 
for that realm where houses are not made with hands. 

It is difficult to draw a line between utility and esthetic consider- 
ations. Indeed, it is mainly a matter of definitions. It is certain that 
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no public building is fit for its place whose visible form is not its own 
sufficient reason for existence. It must be complete and homogeneous ; 
free from fantastic tricks and affectations. Whether it be Greek or 
Gothic, Romanesque, or some form of Renaissance, or of the style yet 
unborn which may some time be evolved, not from chaos but from the 
greatest and best that has been done in the past, it must be of a pure 
and distinct type. Freaks and aberrations have always been and 
always will be in private architecture. They have no place in build- 
ings that represent the dignity, the permanence, the wisdom, and the 
wealth of an intelligent community, of a great municipal corporation ; 
and any attempt to make the details of a building, or some curious and 
irrelevant excrescences, atone for or conceal inherent defects of form 
must always fail. A poor, misshapen clown cannot be converted into 
an Apollo by placing a helmet on his head and a lyre in his hands. 
Doubtless the most serious faults of contemporary architecture arise 
from the lack of a clearly defined purpose, of a distinct recognition of 
the thing to be expressed, and then, when this is somewhat vaguely 
apprehended, of vacillation and uncertainty as to the best means of 
producing the desired effect. As in verbal expression, indistinctness, 
incoherency, and feebleness are commonly the result of indistinct, in- 
coherent, and feeble thinking, so, until the scope and purpose of a pub- 
lic building—or of any other for that matter—stand out clearly in 
the minds of those who are to determine its form, there will be only 
incoherency and stammering in its utterance. ne of the great 
charms of Richardson’s work is that his trumpet gave no uncertain 


PUBLIC LIBRARY, BOSTON, 
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sound. ‘The same is true of the rich French and Flemish work. — It is 
unmistakably Gothic and the same Gothic that we are accustomed to 
call ecclesiastical. Yet not for a moment would one mistake these 
buildings for churches. And it may be said here of all these illustra- 
tions that each in its way. and with more or less complete success, is 
an attempt to accomplish a distinct and beneficent purpose, in faithful 
accord with the conditions existing at the time it was built. ‘They are 
not good because they are of one or another architectural style, but 
because through them men of practical skill and spiritual gnsight have 
clearly expressed a noble purpose. 

Whether the city hall and the other public offices are under one 


PUBLIC LIBRARY, QUINCY, MASS, 


roof, or consist of a more or less detached group of buildings, they 
should have, at whatever cost to the city, spacious grounds, visible 
architecture of the highest type. and the best possible construction. 
For they reveal the public spirit, the general cultivation, the harmony 
of the citizens, and their ability tu codperate in good work, without 
which there can be no permanent and healthful growth. _ It is possible 
by good architecture to create such an enthusiasm that, instead of 
feeling that they are acting unwisely in appropriating money to add to 
the beauty of the city and enlarge its reputation for liberality and 
good taste, its citizens will rather desire to do more in the same 
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direction. Men in the mass are strikingly like the same men as indi- 
viduals. ‘They are willing to pay liberally for that which satisfies 
them, especially if it is admired by others; but they abhor being de- 
frauded by dishonest and incompetent juries, architects, or contractors. 

Generally speaking, the most satisfactory buildings, those which 
have held and are likely to hold the admiration of the world, regard- 
less of time and place, may be grouped in three classes (1 make this 
classification with some diffidence and ought, perhaps, to put it in the 
form of a question): first, those which, as to their exterior designs, 
are simply utilitarian in the common meaning of the term. ‘That is, i 
while certain parts may be exaggerated beyond the strict requirements 


HIGH SCHOOL, CAMBRIDGE, MASS, 


of use, the parts themselves are essential. There is no ornament, no 
attempt to give a decorative effect to any feature beyond what is ob- 
tained by a careful study of forms, by frank, natural composition and 
by well-chosen color. ‘The second class would include buildings in 
which the main structure is utilitarian, but to which some distinctly i 
monumental feature is added. This may be an ornate porch, a 
dominant gable, a cupola or dome rising from the roof, or a tower, 


more or less independent of the main building in its construction, and i 
distinctly detached from it in significance ; the building being rigidly | 


adapted to its use, the tower as frankly serving a purely esthetic pur- 
pose. The third class would include buildings in which the whole, 
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HIGH SCHOOL, MALDEN, MASS. 


while serving perfectly its legitimate use, is in appearance monumen- 
tal; where no single feature is exalted above the rest, but where the 
entire visible building—roof, windows, and walls themselves—is treated 
decoratively, all its parts combining to produce one grand, harmon- 
ious whole. 

To attach useless features and trivial decoration to a simple, unpre- 
tentious building indicates both vanity and poverty. It is infinitely 
better to let it remain in absolute and uncompromising simplicity. 
Having once decided to make a simple building, let us have the 
courage and wisdom to stick to it; having decided to give the simple 
building some feature of dignity and esthetic value, let us decide what 
that shall be, and avoid detracting from it by nervously attaching other 
minor features to divide its honors. What a fatal loss it would be to 


DORMITORY OF THE STANFORD UNIVERSITY AT PALO ALTO, CALIFORNIA. 
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the beautiful Palazzo Publico of Sienna, or the Vecchio of Florence, if 
their stately towers could be made over into half a dozen minor tur- 
rets. Or suppose the central feature of the Hotel de Ville of Antwerp 
had been cut up into a variegated collection of insignificant dormers 
and pinnacles ! ‘ 

How to combine the utilitarian and the monumental without 
sacrificing either is one of the most serious problems in architecture. 
‘To make all our public arch tecture, whether simple or complex, 
whether utilitarian or monumental, of commanding dignity and grace 
is the duty laid upon those into whose hands the task is committed. 
For, more than any other material thing, its architecture fortifies and 
enriches a nation and indelibly records its history. 
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PLANNING THE SITE FOR A CITY. 
By Lewts M. Haupt, C. £. 


~~ () long as new territory remains to be developed, new centers of 
industry must spring up which may ultimately attain to the 
dignity of cities. But the projector of a town cannot always 
forecast the ultimate needs of the community with sufficient prescience 
to adapt his plans to them, nor is it often that he cares to do so, his 
main purpose being to realize quickly upon his resources. 

New ** town-sites ’’ are not generally laid out by engineers or phil- 
anthropists who desire to secure the best possible results for all time, 
but by speculators who may never have seen the site—much less have 
had a topographic survey of it upon which to base the most economic 
plans for streets, grades, drainage, water-supply, sewerage, and the many 
other requirements of alarge community. Often these elaborate paper 
projects cover marshes, dunes, terraces, or even inaccessible escarp- 
ments, but, so long as the demand for lots exists and the investor is 
willing to take the chances, it matters little to the ‘+ boomers ’’ how 
serious the errors of location or design may be, or how greatly the 
cost of maintenance may be augmented by physical obstacles to habi- 
tation, transportation, or sanitation,—the three principal elements of 
a site. These mushroom cities are handicapped from the start, and it 
is not until some great fire or desolating pestilence teaches its lesson, 
that proper measures are taken to render the locality suitable for habi- 
tation. 

A comparative study of the plans of existing cities, considered each 
with reference to the local topography, would prove interesting and 
instructive. The old fortified cities of continental Europe, with their 
walls of circumvallation, radial highways, moats, canals, and ditches 
present many and varied features of interest. Their location was often 
selected with reference to the strategic requirements of the times and 
the current methods of defense, but these considerations are not perti- 
nent to the selection of suitable sites for and the proper planning of 
large cities in America to-day. 

It should be considered, first of all, that certain sites can never be 
expected to support relatively large cities, while others, from the 
nature of their environments, can scarcely avoid having greatness thrust 
upon them. ‘The presence of extensive mineral deposits is not in itself 
sufficient, but if there be a natural source of power, and, still more 
important, cheap, available transportation facilities, the prospects for a 
city are very good. But the best conditions exist where a large ton- 
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nage of any kind, especially of agricultural products, is transshipped 
and stored. Such conditions are presented where land and water sys- 
tems of transportation meet, or at the head of navigation. 

It should be noted that in the United States the great cities have fol- 
lowed the course of the Star of Empire and are on the western side of 
the waterways, as centers of distribution trom the landings on the riv- 
ers and lakes. The area of the tributary territory accessible by water 
is also an important factor in determining the prospective size of a 
commercial center. ‘Thus the phenomenal growth of Chicago is read- 
ily understood, and she has not yet attained the zenith of her glory, 
for the magnificent waterway now under construction connecting her 
port on Lake Michigan with the Illinois and Mississippi rivers will 
greatly stimulate her manufactures and increase her population. New 
York city, situated at the reéntrant angle of the Middle Bay on the 
Atlantic, has three-fourths of the circle of tributary (land) territory 
from which to draw her tonnage, and is therefore more favorably situ- 
ated than any other tidewater point on the Atlantic coast. The 
Erie canal was the determining factor in raising her to the proud dis- 
tinction of the American metropolis. She still needs increased inte- 
rior deep-water communications to the south for coal and lumber and 
to the north for cereals and dairy products. If transportation facil- 
ities were equal, the ‘* Zenith City of the Unsalted Seas’’ would have 
as good a raison d’ étre as Chicago, having the same water distance to 
traverse via the lakes to eastern ports, and an immensely productive 
territory from which to draw supplies ; but the Chicago drainage canal 
will forever turn the scales in favor of the latter city, where, despite 
the marshes and lack of even sufficient slope for drainage, the impera- 
tive demands of commerce have determined the location of our west- 
ern emporium. 

It is not difficult therefore to determine in advance whether the lo- 
cation proposed must be planned for a large, medium, or small popula- 
tion, and the designs may be modified accordingly by giving due 
weight to the geographical, topographical, geological, meteorological, 
and physical elements in the selection of asite. In this respect, 
while the northern latitudes have many favorable features, the ports 
on the Great Lakes are closed more than one-third of the year. On 
the other hand, while the southern ports on the Gulf of Mexico are 
open all the year, the high temperatures have hitherto prevented the 
storage of perishable freights, but the rapid increase of cold-storage 
warehouses is in a measure eliminating this objection. ‘Taking all the 
conditions for the existence of a great city into consideration, it is 
believed that there is no locality better adapted to the development of 
a commercial metropolis than the northwestern angle of the coast of 
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the Gulf of Mexico. With the removal of the bar which separates 
the harbor from the commerce of the world, there will be a magical 
city springing up by the sea which should rival Venice in her palmiest 
days. ‘The eastern cities are limited in their territory by the long-rail 
haul over numerous chains of mountains, so that the lines of least re- 
sistance for the trans-Mississippi region are either gulfward or lake- 
ward. ‘The early construction of the Nicaragua canal or the Tehuan- 
tepec ship railway, or both, will add weight to these suggestions as 
to the future of our gulf cities. 

But it is not only the probable size of the city that should be con- 
sidered in the nucleus of the plan. Its principal characteristic, as 
determined by the occupation of its inhabitants, is also an important 
element in the distribution of its population, and in the provision to 
be made for all kinds of service. ‘Thus, for a commercial center, the 
greatest stress must be laid upon ample terminal facilities, warehouses, 
piers, elevators, and yardage, with convenient markets, exchanges, 
and chandlers, and accessible residence quarters. ‘The conditions in 
a manufacturing town will be materially changed as to the character 
of the service and distribution of population, while for a capital or 
legislative center other plans are more suitable. All plans are largely 
influenced, however, by the local topography, and the prevailing mis- 
take is made of placing the first highway parallel to some line of com- 
munication, be it common road, railroad, or water-course, and using 
this as a base from which to lay off a rectangular system of streets. 
This error requires grades which sometimes exceed 20 per cent. from 
the water frontage back to the plateau, and greatly restricts the com- 
merce by adding to the terminal expenses as well as to the difficulties 
of laying and maintaining service-mains for the city. 

Probably one of the earliest and best-considered attempts to plan 
for the future of a great city was that of William Penn in founding 
his colony on the Delaware. Although, in the two centuries which 
have elapsed, Philadelphia has far surpassed the most sanguine expec- 
tations of its projector, it still deservedly retains the distinction of 
being, far excellence, **The City of Homes.’’ The wisdom and 
foresight of its founder are illustrated by these extracts from his 
instructions to his commissioners, William Crispin, John Bezar, and 
Nathaniel Allen : 

The creeks should be sounded on my side of Delaware river, especially Upland, 
in order to settle a great towne, and be sure to make your choice where it is most navi- 
gable, high, dry, and healthy. ‘That is, where most ships may best ride, of deepest 
draught of water, if possible to load or unload at ye Bank or key side, without boating 
or litering it. 

Such a place being found out for navigation, healthy scituation, and good soyle for 


provision, lay out ten thousand acres contiguous to it in the best manner you can, as 
the bounds and extent of the libertyes of the said towne. 
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Be sure to settle the figure of the Towne so as yt the streets hereafter may be uni 
forme downe to the Water from the Country bounds, lett: ye place for the store house 
from the middle of the Key, weh will yet serve for market and State houses too . 
let the Hlouses be built in a line, or upon a line as much as may be. . . . The Dis 
tance of each House from the Creek or [Larbor should in my judgt a measured (quarter 
of a Mile, at least two hundred paces, because of building hereafter, streets downwards 
to ve Harbor 

Let every House be placed if the Person pleases in ye middle of its plat as to the 
breadth wavy of it so that there may be ground on each side, for Gardens or Orchards 
or tields, yt it may be a greene Country Towne, weh will never be burnt and 
alwayes be wholesome, [Judge yt you must be guided in yor breadth of Land by wt 
you can get yt is unplanted and will not be parted wth, but so far as I can guesse at 
this Distance me thinks in a Citty, each share to have tifty Poles (855 ft) upon ye Front 
to ye River, and ve rest Backward will be sutticient. 

It would appear that Philadelphia was designed to be a commer- 
cial city, and that ample provision was made in Penn’s plans fora 
comprehensive trontage. Unfortunately this rule has not been observed, 
and, now that it is proposed to expend about $8,000,000 in removing 
the obstructions to commerce and reconstructing the harbor front, the 
city is embarrassed by innumerable legal and physical obstacles, 
brought to bear by riparian owners. In reply to a question as to the 
rights of freeholders to build vaults in the high banks along the river 
front, William Penn wrote in 16384: 


Phe bank is a top common, from end to end. ‘The rest next the water, belongs to 
front fot men no more than dack fof men. ‘The way bounds them. ‘They may build 
stairs, and at the fopof the bank, a common exchange, or walk, and against the street 


common wharfs may be built freely; but into the water, and the shore, is no pur- 
chasers 

In consequence, Philadelphia soon became the most prosperous 
commercial city of the continent, and maintained her supremacy until 
the opening of the waterways to the west, via the Erie canal, (in 1826 ) 
transferred it to New York. 

As this river frontage was acquired by Stephen Girard, it will be of 
interest to note that in his will, dated February 16, 1830, he sets apart 
$500,000 for many public purposes and, zvfer alia, ‘* to lay out, regu- 
late, curb, light and pave a passage-way or street . . . fronting the 
river Delaware, not less than twenty-oné feet wide, . . . to keep clean 
all docks, . . . to pull down all platforms carried out from the east 
partof the city over the river Delaware on piles or pillars.’’ Yet this 
is the part of the frontage where the avenue is now to be widened to 
150 feet and where ** open’ or pile piers are to be built over 500 feet 
in length. Such are the exigencies of commerce. Penn’s plan, it 
followed, would have enabled the city to retain control of this mag- 
nificent franchise, to her great benefit and profit. 

Another illustration from the history of our American cities is the 
carefully-matured plan that was prepared for the national capital. It 
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PLANNING THE SITE FOR A CITY. 631 
was laid out by Andrew Ellicott, C. E., after the plans of Major Pierre 
L’Enfant,* and one of the original prints may be seen among the 
relics filed in the Washington manor at Mount Vernon. ‘The title 
reads: ‘* Plan of the City of Washington, in the territory of Colum- 
bia, ceded by the States of Virginia and Maryland fo the U. 5. of 
America, and by them established as the seat of Government after the 
year MDCCC. Engraved by ‘Thackara and Vallance, Phila., 1792.”’ 
This plan was the nucleus of the present city. ‘The notes on its face 
read as follows : 

The grand avenues and. such streets as lead immediately to public places are from 
130 to 160 feet wide, and may be conveniently divided into footways, walks of trees, 
and carriage-way. ‘The other streets are from go to 110 feet wide. In order to exe- 
cute this plan Mr. Ellicott drew a true meridional line by celestial observation, which 
passes through the area intended for the Capitol ; these lines he crossed by another, 
due east and west, which passes through the same area. These lines were accurately 
measured and made the basis on which the whole plan was executed. Ife ran all the 
lines by a transit instrument. . . and left nothing to the uncertainty of the compass. 

OBSERVATIONS EXPLANATORY OF THE PLAN. 

I. The positions for the different edifices, and for the several squares or areas of 
different shapes, as they are laid down, were tirst determined on the most advantageous 
ground, commanding the most extensive prospects and the better susceptible of such 
improvements as cither use or ornament may hereafter call for, 

II. Lines or avenues of direct communication have been devised to connect the 
separate and most distant objects with the principal. Attention has been paid to the 
passing of those leading avenues over the most favorable ground for prospect and 
convenience, 

ILI. North and south lines intersected by those running due east and west make 
the distribution of the city into streets, squares, ete., and those lines have been so 
combined as to meet at certain given points with those divergent avenues so as to form 
on the spaces ‘* first determined”? the different squares or areas. fF 

Here then is a typical plan based upon topographic sites for the 
principal buildings, connected by *‘ air’’ lines of ample width, and a 


* The history of L’Enfant's plan becomes almost pathetic. Leaving France on the out- 
break of the American revolution, he joined the Federal army and soon won the contidence 
of the Commander-in-chief for his courage and ability. Alter the close of the war he took 
up his abode in Philadelphia, aud upon the cession of the District of Columbia to the United 
States as the seat of government, in 1791, General Washington appointed Major Pierre 
Charles L’Enfant to design the plan for the future capital. This he did with his usual 
skill, but on being requested to surrender his plan to the commissioners for publication, he 
declined on the ground that, if they were made public, speculators would select the best 
sites and build rookeries thereon, thus marring his ideal. He was accordingly relieved 
from the duty on March 1, 1792, and Andrew Ellicott, afterward geographer general of the 
United States, was appointed in his stead. Before the close of the year 1792 4 new plan was 
prepared following as closely as might be the suggestions of L’ Enfant, and the commission, 
at the President’s suggestion, sent to the latter 500 guineas and a choice lot of ground tor his 
former services, These he insolently declined, and the last years of his life he spent in haunt- 
ing the lobbies of Congress, trying to secure compensation. He died in poverty about 1525 
at a manor overlooking the site of the city, and was buried under a solitary cypress which 
marks his unhonored grave. (See ‘‘ The Story of the City of Washington,’ by Todd, pub- 
lished by Putnam, 1889.) 


+ For these notes acknowledgment is due to Harrison H. Dodge, Superintendent o« 
Mount Vernon. 
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street system oriented on the true meridians, yet with a distinct pur- 
pose and no serious obstructions to the execution of the plan. Wash- 
ington has ever been known as the city of ‘* magnificent distances.’’ 
Its reputed beauty is due largely to the complete revision of its grades 
and pavements under the régime of Alexander R. Shepherd, a quarter 
of a century ago, and its systematic prosecution by the District com- 
mission since that date. But while admirably adapted to the purposes 
of a national capital, the plan would be an unwarranted extravagance 
under ordinary municipal management. Few cities could afford to 
sacrifice 43 per cent. of their total area to street uses with the heavy 
expenses of maintenance. Great widths are not required for traffic or 
even for sanitation, the tendency béing to neglect the untraveled por- 
tions, which in consequence become obnoxious. ‘The *‘ lungs’’ of the 
city had better be concentrated in squares or parks at frequent inter- 
vals and off the thoroughfares, leaving the streets to be designed only 
for their legitimate uses of traffic. Even for a large business, the best 
width for streets will be found to approximate to the four rods (66 
feet) so common in our large western cities, although this is wider than 
is necessary forall streets. On the other hand, the boulevards, of which 
there may be a limited number, should exceed roo feet. 

The streets 50 feet wide as designed for Philadelphia by the pro- 
prietor are now found to be too narrow for the purposes of traffic since 
the city is gridironed by street-car tracks. ‘These occupy the crown of 
each street, leaving less than nine feet clearance on either side between 
track and curbs and causing frequent obstructions. Yet in laying out 
new towns and villages in suburban districts fifty feet is thought to be 
a liberal width, while country roads are more frequently either two 
rods or thirty feet, with no provision for widening near cities. 

The relative directions of the streets with reference to each other 
and to the meridian also merit consideration. ‘The effort is too fre- 
quently made to locate the lines of travel on the cardinal points of the 
compass. ‘The result is too great exposure to the sun in some quarters 
and not enough in others. ‘The diagonal orientation, on the other hand, 
would provide a more equable distribution of the solar influences with 
better sanitary results. 

Whether the blocks should be square or rectangular will depend 
upon the unit or size of the lot. Ordinarily the rectangle is con- 
sidered the better plan, with a ratio of about 1 to 4 or 1 to 5 for the 
lot and 1 to 2 for the block; that is, the lots may average 25 100 
or 125 feet, while the blocks may run 250 500 feet. 

But these matters of detail are usually determined by the whim of 
the property-owner, whose interest it is to cut up the farm so as to 
produce the greatest revenue irrespective of adjacent requirements. 
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Hence many new cities are mere aggregations of ill-conditioned and 
discordant suburbs, which, like ‘* ‘Topsy,’’ had no training, but ** just 
growed’’ to a congested maturity, burdensome either to endure or to 
remove. ‘lo prevent these labyrinthian appendages, in some western 
States, legal enactments now require each addition to be submitted to 
some central authority which must first approve of the plan and see 
that it accords with the adjacent plats in its general features. The 
full bearing of this point may be seen from an inspection of an atlas of 
almost any rapidly-growing suburban town in one of the older States, 
the several land-owners having been at liberty to divide up their 
properties at will. — It will be noted that the streets are short discon- 
nected passage-ways, and that their total length is greater than would 
be required for a much better service on a preconceived general design. 
The maintenance of this abortion imposes unnecessary expense upon 
the town for all time, and, although the original owner may secure a 
few more dollars for his tract, he has in the aggregate to construct and 
maintain a greater length of streets. ‘This is generally done in the 
cheapest and most primitive way and with little or no provision for 
drainage or water-supply, until these heterogeneous plats are incor- 
porated into a borough or town, when the taxpayer must pay a higher 
rate to maintain or correct the errors of grade alignment, drainage, 
and other municipal service. 

Concerning the distribution of the population, where it is homo- 
geneous and does not exceed the sanitary limit of too per acre, there 
is no necessity for any other than a rectangular system of streets, if the 


town is always to remain limited in size,—to, say, one square mile or 
64,000 population. But when it runs up to the hundreds of thousands, 
it is evident that numerous convergent avenues must be provided from 
different centers to meet the enlarged requirements of travel. Upon 
this sanitary basis, with five to a family, and but one family to a resi- 
dence, there would result twenty lots to the acre, and, if 33 per cent. 
be taken for street areas, there will be left 29,040 square feet for the 
twenty lots, giving an average of 1452 square feet, or lots 15 96.7 
feet, a size small enough for the most avaricious. ‘This, however, is 
for the greatest permissible density of population, and is a limit which 
is seldom adopted. Under this limitation a city of 1,000,000 inhabi- 
tants would require 10,000 acres, or 15.6 square miles—a tract nearly 


four miles square—with diagonals of 5.6 miles. Unless such diagonals 
were provided in the original plan, it would require a space of eight 
miles to be paved in moving from one corner to the opposite 
diagonal. Such divergent or radial lines would increase the available 
assessable frontages more than they would diminish the available build- 
ing area, and are therefore fully warranted public improvements, for 
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which provision should be made on the best topographic lines in the 
location and orientation of a large city. 

The ideal design of Gonzalez City, on the bay ot ‘Topolobampo, 
Gulf of California, furnishes an illustration of variations in width and 
directions of streets with numerous plazas, alamedas, and rondos, but 
laid out with a geometric regularity which can scarcely adapt itself 
economically to an extended terrane. ‘The parks also are too numerous 
and extensive, and interrupt the continuity of some of the principal 
avenues. 
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PLAN OF GONZALEZ CITY. 


In the old portion of the city of St. Paul, Minnesota, will be seen 
an abnormal outgrowth of circumstances, where near the ‘ Seven 
Corners’’ the street named Second runs into Third, while Third inter- 
sects and extends across Fourth, cuts Fifth at its terminus, and is paral- 
lel to part of Sixth. So in one place the numbers of the streets taken 
consecutively read Third, Fourth, Fifth, Seventh, Sixth, Ninth, and 
Tenth, with no Eighth street. ‘The topography of the site is peculiar, 
as it rises in three terraces from the flats and is intersected by a 
ravine which enables the railroads to pass from the river bank to the 
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plateau. ‘The variations in lots and blocks of the numerous additions 
are shown on the small section of the map selected as a type. 

It is impossible to enter here upon a minute analysis of the numer- 
ous types of city development, or to elaborate upon the enormous 
expenditures required to overcome their original defects. It is a mat- 


PLAN OF ST, PAUL, 


ter of more moment to a city that her plan should be carefully adapted 
to the topography, and the physical obstructions to urban traffic be re- 
moved, than that similar care and skill be bestowed upon the location 
of a railroad or other communication with outlying districts. Hence 
we are forced to the conclusion that, the size and location having been 
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determined, the form or direction of growth must be governed largely 
by local physical conditions. The presence of a commercial frontage 
will manifest itself by a prolongation along the water. ‘Thus Chicago 
has a length of twenty-four miles and a depth of only eight miles. 
Manhattan Island is about 1314 miles long and two wide, giving about 
twenty-eight miles of frontage. 

It will be seen that no absolute rules can be laid down, but that 
the topography must exercise the predominating influence and suggest 
the plan. If the site selected does not lend itself naturally to a recti- 
linear plan with occasional diagonal thoroughfares, then the curvilinear 
or angular, divergent or serpentine may be adopted, if, by so doing, 
distances may be reduced and grades (except for drainage) be avoided. 
By all means the formation of towns and cities by the aggregations of 
individual plats laid out to suit the owner should be avoided even by 
prohibitory legislation. 

There exists to day in all civilized countries a strong tendency to- 
wards concentration in social and business centers, and the effect is 
manifest in the rapid growth of cities by the removal thereto of the 
rural population. Wherever favorable conditions exist, there will be 
found springing up a hamlet, borough, village, or town which in a few 
decades may expand to the dimensions of a city. 

~ In any event, provision should be made both in the selection of the 
site and in the preparation of the plan of such a nucleus for its 
ultimate expansion, and much will be saved if the advice of some 
competent engineer be solicited in advance as to both these points. 
Even the character of the soil upon which a town may be built plays 
an important part in the sanitary condition of its inhabitants. 

The purity and cost of its water supply as well as the facilities for 
sewage disposal are also functions of the site which should be selected 
so that these may be provided for, toa large extent, at least, by grav- 
ity, and without contamination of the streams serving other localities. 
Hence the desirability of professional advice. 
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THE SELECTION OF MOTIVE POWER. 


(FIRST PAPER. ) 
By Charles E. Emery, Ph. D. 


N selecting a motive power for a new manufactory a prudent man- 
ager would naturally inquire if there were any new developments 
on the subject, and ask as to the relative standing of well-known 

means in view of modern improvements. ‘The inquiry cannot be 
limited to apparatus required for a particular purpose, subject to the 
conditions which obtain at a particular place, but must indicate the 
principles of selection for differing conditions, and may even involve 
the examination of a location with reference to its advantages for ob- 
taining not only power, but suitable laborand accessible markets. ‘The 
subject is, therefore, necessarily approached in a general way. We 
should at first realize that all power in sufficient quantities for manu- 
facturing purposes is obtained by utilizing in some way one or more of 
the various forces of nature. ‘The energy of the sun expended in lift- 
ing the vapor of water to the clouds is returned and in part utilized by 
man as the aggregated rain drops find their way in the streams from 
the slopes to the sea. ‘lo the same source of energy the changeful 
winds owe almost exclusively the motion and force familiarly utilized 
on sea and land. Even the heat derived by burning the trees of the 
forest represents a portion of the energy of the sun, which has changed 
inorganic incombustible matter into organized combustible tissue and 
fiber, and thereby stored up energy in the past for use in the present. It 
is more important than all to recollect that this operation has been going 
on for ages, and that our coal fields and supplies of mineral oil represent 
also the energy of the sun stored in prehistoric vegetation buried in 
the earth and transformed in the laboratory of nature. Abstractly, 
then, the question is whether we shall derive our motive power 
from the sunlight of the present or from that of the past. A promi- 
nent distinction at once appears. All direct forces from the sun now 
available, whether they be from the winds or the waters, are of the 
varying character familiar in everyday life; whereas energy stored, 
whether in the form of coal, mineral oil, or even wood fiber, can be 
expended to produce heat and power at will. On the same principle 
the varying forces derived from water can be better utilized by 
the various familiar systems of storage. It would appear, then, from 
considerations of a very general nature, that the most reliable power 
must be secured from mineral fuel, consumed at will, and the power 
next in reliability, from water stored in great natural reservoirs. 
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‘The power derived from the fuel must in general be obtained from 
a heat engine, of which the steam-engine is the most familiar type and 
that most generally employed. ‘The steam-engine has therefore become 
the standard to which the cost of all sources of power are referred, al- 
though in special locations power may be obtained more cheaply in 
another way. 

Water is a primary source of power, as the potential energy due to 
its elevation may be directly transmitted into mechanical work. Steam 
is, however, a secondary source, as it is only a means of transmuting 
into mechanical work the energy stored in the fuel and available as 
heat. Both primary and secondary sources may easily be confused 
with mere means of transmission. _ Electricity is not a source of power. 
It may be mide a secondary source in the same sense as steam, by the 
discovery of a practical method of generating it on a large scale from 
the direct combustion of fuel. At present it is only a means of fur- 
nishing at one point power developed at another, and in this respect 
stands in the same category as hydraulic and compressed air transmis- 
sions, and, except for some purposes relating to the distance covered, 
acts on the same principle as transmission by wire ropes, belts, or ordi- 
nary shafting. Every means of transmission must be operated by a 
true source of power, like a steam-engine or a water-wheel, and in the 
abstract, where the greatest efficiency is obtained, the efficiency is higher 
the less the number of parts interposed between the source of power 
and the point where the same is utilized. ‘Transmission of steam is 
distinguished from the above by the fact that it permits the boilers to 
be located at a convenient point and the steam to be used where heat 
or power are required. 

Approaching the details of the subject, we first call attention to 
the fact that the power available by the use of windmills is by no 
means small or valueless. ‘hey make the continuous drainage of the 
lowlands of Holland practicable, and mills requiring 80 horse-power 
and upwards are successfully operated by a single wheel. ‘The system 
is not, however, well adapted for locations where the wind is light 
and variable and where coal is as cheap as in most locations in this 
country. In some places along the coast the wind blows so much of 
the time, and so strongly in one direction, that isolated trees lean 
away from it and are distorted by having foliage principally on the lee- 
ward side. ‘These living wind vanes clearly point out the possibility of 
using windmills for power in such localities. There are many things, 
however, to think of before making such an installation. In the best 
location the wind is liable to fail at inopportune times, and a given 
output can only be obtained by frequently working during the night. 
Such a system would therefore not be popular where the general feeling 
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of labor organizations, and indeed of all wage-earners, leans towards a 
definite number of hours of labor and a definite output in proportion 
thereto, with the remainder of the day available for social enjoyment 
or mutual improvement. Where the labor can be changed from one 
place to another, as on a farm, windmills are very useful, and particu- 
larly where fuel isscarce. ‘The windmill manufacturers make many sales 
in the West and other parts of the country where the conditions war- 
rant the use of such a power. Windmills as we know them in this 
vicinity are chiefly used for pumping water, and, being of the American 
automatic type, care for themselves under all possible varying con- 
ditions; and although water is pumped only when there is sufficient 
wind, it is stored in tanks and thus made available for use when the 
wheel is at rest. | Competition has made this type surprisingly cheap. 
Mr. Brush, the electrician, constructed at his country-seat an experi- 
mental plant in which a windmill was used to generate electric current 
and charge storage batteries from which such current was utilized about 
the premises. ‘This system has recently been suggested by others for 
general use, and should be feasible and possibly profitable in favored 
locations if operated on a sufficiently large scale to warrant the em- 
ployment of the skilled labor necessary to keep in order the batteries 
and other apparatus, particularly the several automatic devices necessary 
to practically convert a changeable source of supply into energy avail- 
able continuously. 

Leaving the general question of water power until it can be con- 
veniently compared with steam power, we will examine the availability 
of heat engines other than steam-engines Hot-air engines have not 
come into general use for miscellaneous power purposes. They are 
practicable on a large scale by the use of temperatures and pressures so 
high as to prohibit in a sense general use. ‘There are, however, some 
small engines largely used for pumping purposes which work within 
such reasonable limits as to give little or no trouble. The original 
form is that designed by Ericsson. In the base of the apparatus a 
small fire of gas or coal is kept burning and heats directly a shell pen- 
dent from a cylinder containing a piston with pendent plunger, between 
which and the hot bottom cold air is forced as the plunger rises, which, 
being heated, completes the upstroke, when an exhaust valve opens, the 
plunger is returned by the action of a fly-wheel, and the operation is 
repeated. ‘The Rider hot-air engines operate successfully on a very 
similar principle, but with entirely different details. Both these forms 
of engines are used by ordinary help to pump water from the street 
mains to an elevated tank. ‘There is no possibility of an explosion, and 
the danger of overheating is entirely prevented if the operator once 
gets the pump started, for then any extra heat only increases the speed. 
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Gas and petroleum engines of various kinds are largely used for 
power purposes. In one form of the latter, used largely in naphtha 
launches, naphtha stored in tanks on the vessel is injected into a coil 
heated by a naphtha lamp, and the resulting naphtha vapor is used in 
asmallengine like a steam-engine. Generally, howevér, naphtha or 
crude petroleum is sprayed directly into the cylinder of an engine, 
where it is vaporized by the heat, when the operation is the same as in 
a gas-engine,—viz., the vapor or gas is mixed with air and exploded by 
a fixed torch, causing intense pressure utilized on a piston, and a high 
temperature controlled by a water jacket. Gas and petroleum engines 
have some advantages for detached locations, where they receive only 
the occasional attention of careful but unskilled labor, as the opera- 
tions are all automatic. A comparatively small quantity of naphtha 
or oil is placed in a tank at the base of the petroleum engine, and, with 
the same reasonable care that would be exercised in handling petroleum 
for lamps, there is little danger of fire. In general, the larger quanti- 
ties of oil are stored outside in underground tanks, and in some cases 
it is provided that no store is kept about the engine, but the quantity 
required for each stroke is withdrawn from the tank outside by means 
ofa pump. Where gas is available from a street supply, the installa- 
tion of a gas-engine is simpler than that of a petroleum engine, as it 
only requires a pipe connection to the gas service ; otherwise the two 
forms of engine are generally very similar in appearance, construction, 
and operation. ‘There is some jar and noise due to the explosions, 
which must be provided for in locating the engine in dwellings. 
Generally by bedding the engine on soft earth or sand, without per- 
mitting any connection of the same to touch the walls or a common 
rock foundation, the noise and jar will not be communicated so as to 
cause annoyance. Prof. Elihu Thomson has installed a petroleum 
engine built by one of his companies, affiliating with the General 
Electric company, for generating electric lights for his home at 
Swampscott. The cost is found to be somewhat less than would be 
required for a steam-engine of small power, though greater than that 
of power derived from steam machinery of large size. It should be 
remembered by those desiring small power for use about a country 
house that every form of apparatus for furnishing the same is liable at 
times to special derangements and requires occasionally skilled adjust- 
ment and attention, so that annoyance, when ordinary labor is em- 
ployed is sure to come sooner or later, and the selection of a motor in 
such a location is therefore in some respects a choice of evils. ‘The 
difficulty is largely diminished if the owner himself will take pains to 
familiarize himself with principles and details so as to know what 
should be done in an emergency. If he, therefore, takes the place of 
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a skilled engineer, the particular kind and style of motor should be 
one which he believes adapted ‘or the purpose, and will therefore care 
for in the most efficient way. The same principles are applicable in 
selecting power for a small factory. ‘ 

There is, however, a field for gas-engines where a supply of ordi- 
nary illuminating gas is not available. ‘There has been in opera- 
tion in England for a number of years a system in which gas is 
”’ resembling that used in steel and other 
furnaces. ‘The principle is that of heating a quantity of coal in a sim- 
ple cylindrical vessel by admitting only a sufficient quantity of air to 
produce imperfect combustion. The effect is to drive off with the 
waste gases carbonic oxid gas, which is combustible, mingled with 
hydrocarbon gas if the coal is of the bituminous variety. ‘The mix- 
ture, called producer gas,’’ is used in a gas-engine having the general 
features above described. Plants of this kind have been installed of 
from 25 up to 400 horse-power, and are said to operate efficiently. The 
economy of small gas-engines under experimental conditions is consid- 
erably greater than that obtainable with an ordinary steam-engine, a 
result as low as 1!, pounds of coal per indicated horse-power per hour 
being claimed by the manufacturers. Comparing this system with a 
steam-engine, it will be seen that the producer in a sense takes the 
place of a steam boiler, that producer gas is employed instead of steam, 
and that a distinctive gas-engine is required instead of a steam-engine. 
The number of parts necessary to do the work is therefore not varied, 
and the number of transformations is the same. In the steam-engine 
the heat of the fire is imparted to water, and the water used in the en- 
gine. In the gas-engine a part of the heat of the fuel is used to pro- 
duce the gas, and the explosion of a mixture of the latter with air 
produces the power. ‘The gas-engine is theoretically the more econ- 
omical, simply because fixed gases are employed and operation depends 
largely on variations of temperature or changes of sensible heat ; 
whereas with steam a certain quantity of latent heat must be imparted 
to the water to form steam, and is retained in order to maintain the 
water in the state of vapor when the exhaust takes place. In practice 
care must be taken to keep upa regular action of the producer so as to 
supply a uniform quality of gas. On account of the difficulty in doing 
this, it is believed that the economy obtained in practice is not always 
in excess of that of the steam-engine. ‘The want of uniformity of the 
yas applies to large as well as small gas apparatus, whereas steam in 
large quantities can be generated and utilized continuously under con- 
ditions of maximum efficiency. It does not appear, therefore, that gas- 
engines and accessories can as yet compete on equal terms with large 
steam-engines in their present perfected condition. ‘The wear and 


generated in a ‘* producer 


fy: 


i 
> 
i 
| 
| 
| 
: 
{ 
3 
5 
i 
a 
| 


THE SELECTION OF MOTIVE POWER. 643 


tear of gas engines are, moreover, necessarily greater than those of 
steam-engines. 

There is a future, however, for gas-engines by generating producer- 
gas cheaply at the mines, using even the waste coal for the purpose, 
and piping such gas to a long distance to operate gas engines in the 
way described. A modification has been proposed in England in 
which the gas-engines were to be operated in the immediate vicinity 
of the mines to generate electricity which would be conveyed to long 
distances for power and even heating purposes. ‘The prospectus of this 
scheme showed a very large saving compared with using fuel in the 
ordinary way. With all due allowances for the claims of sanguine in- 
ventors and promoters, it is believed that something will be accom- 
plished along these general lines within a reasonable period. 

The advantages of the steam-engine where fuel is reasonably cheap 
need not be strongly urged. Its use has been extended so rapidly as to 
make it an important factor in the growing civilization and prosperity 
of mankind since the days of Watt. It can be employed anywhere 
that fire can be permitted, in quantities small or large ; the power is 
readily controlled, and the apparatus in all details easily handled by 
all persons of intelligence after a reasonable preliminary education and 
experience. It has been so tested by long practice that the details of 
construction for engines of the same type made by different manufac- 
turers are substantially identical, and, though there are good and bad 
features among the the so-called improvements, they are of too varied 
and technical a nature to be treated in this article, and the services of 
an engineer are necessary to point them out. We can only call atten- 
tion to the advantages of several distinguishing types of steam machin- 
ery. First, as to boilers: the plain vertical tubular is best for small 
power and particularly for semi-portable engines ; the more expensive 
locomotive boiler is best for self-propelling portable engines ; and the 
horizontal tubular boiler set in brickwork is in some respects best for 
general factory purposes, the sizes being fixed by the pressure to be 
carried and the power provided for by duplication. These boilers do 
so well that parties get in the way of thinking they will take care of 
themselves, and occasionally disastrous explosions occur. 

There is therefore a growing preference for the so-called ‘*‘ safety ’’ 
boilers, constructed principally of water tubes and connecting vessels 
of small size with a very large surplus strength, or, as it is called, a 
large ‘‘ factor of safety.’’ It is not proper in this article to attempt 
to discriminate between the different kinds of boiler of this type. In 
making a selection the question of reliability under conditions of 
actual and long-continued service should be considered, rather than 
mere differences of cost. Engines are in general distinguished as 
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follows: ‘non-condensing engines,’’ from which the steam is deliv- 
ered into the atmosphere or into a low-pressure heating system ; 
‘*condensing engines,’’ from which the steam is condensed either 
by admitting cold water to a separate vessel or by precipitating the 
steam upon surfaces kept at a low temperature by circulating water, 
or in some cases by large volumes of air; ‘*compound engines,’’ in 
which the steam is worked serially through one or more cylinders in- 
creasing in size so as to secure expansion and reduce internal cylinder 
condensation. Such engines are called ‘‘ simple compound engines ’’ 
when there are two cylinders in series, ‘‘ triple compound engines ’’ 
when there are three such cylinders, and ‘* quadruple compound en- 
gines’’ when there are four such cylinders, etc. In contradistinction 
-to the above, non-compound engines are frequently called ‘* simple 
engines.’’ Engines of less than 50 horse-power are generally simple 
non-condensing engines. Non-condensing engines of iarger size are 
also employed where it is difficult to obtain condensing water or where 
the exhaust steam can be used for the purpose of heating buildings 
or the various fluids required in dyeing or other manufacturing pro- 
cesses. Simple condensing engines are rarely made of less than 75 
horse-power, and more customarily are of 125 horse-power and up- 
ward. Until quite recently they were used universally for factory 
purposes, single cylinders being employed up to 250 and occasionally 
500 horse-power, and for larger engines two cylinders were employed, 
doubling the power. ‘To provide a reasonable amount of steam for 
heating and other purposes about the factory, it was not uncommon to 
make one end of one of the cylinders non-condensing, by the use of 
a separate exhaust pipe quite readily arranged with engines of the 
Corliss type. Of late, such engines are only used where coal is com- 
paratively cheap, and compound engines are employed in their stead, 
a small cylinder being arranged behind a large one for a single engine, 
and the same arrangement duplicated for a double engine ; or, one of 
the cylinders of the double engine is made larger than the other and the 
exhaust taken across from the smaller to the larger, making what is 
termed a ‘‘ cross-compound engine.’’ When reasonable quantities of 
steam are required for various heating purposes in a factory using this 
kind of engine, it is customary to take the steam supply for heating 
from the intermediate chamber between the two cylinders, thus re- 
ducing to that extent the power of the larger cylinder only. The 
steam pressure employed for these three types of engines is about the 
same, or from 80 to 100 pounds. With the more general introduc- 
tion of the compound engine the pressure has been raised to 125, 150, 
and 160 pounds. As it became practicable to use boilers adapted for 
higher pressures, a number of triple compound engines have been intro- 
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duced, operated in some cases with pressures the same as for simple 
compound engines, but some plants have been built to use a steam 
pressure of 200 pounds. . 

The advantages of high-speed engines were pointed out by Mr. 
Chas. ‘T. Porter years ago, and many engines of the Porter-Allen type 
have been constructed. ‘The system was not, however, generally ex- 
tended until after the experiments of the writer at the Novelty Iron 
Works in 1868, which showed that a high speed of revolution had the 
effect of reducing cylinder condensation. ‘The adaptation to this type 
of engine by Mr. J. C. Hoadley, of a governor located in the fly- 
wheel, operating to move an eccentric transversely across the shaft 
and thus produce variable expansion with a single lap valve, had the 
effect of making these engines govern excellently and show a fair effi- 
ciency with a very simple construction. Small engines of this type 
are frequently run up to from 250 to 350 revolutions per minute, and, 
although their weight is much greater than for the same size of cylin- 
der with ordinary engines, they still contain less material than slow- 
speed engines developing the same power ; so the high-speed engines 
can be furnished for less first cost, and have become quite popular for 
many purposes, particularly for small electric lighting plants. Manu- 
facturers are frequently tempted to select this type of engine on account 
of its comparatively low price. Such engines are, however, made 
for hard service with simple details and ample clearances, and the 
valve gear, though efficient, does not generally give as good results as 
that used on slow-speed engines. ‘The consequence is that the high- 
speed engines, as a rule, are not as economical as slow-speed engines. 
Moreover, on account of the high speed, though very carefully con- 
structed, they generally require more careful attention. In some forms, 
features of automatic lubrication have largely eliminated the difficulty, 
but results show that, if from neglect a journal heats, the temperature 
rises more rapidly and is therefore more destructive on the average 
with a high-speed engine than with a low. 

The success of high-speed engines has led to increasing the speed of 
forms previously known as slow-speed engines, with very advantageous 
results. It is found, for instance, that it is practicable to operate a 
Corliss engine of 42’’ stroke at 100 revolutions per minute, giving a 
piston speed of 700 feet per minute. Similar engines of 5 feet stroke 
have been run up to 80 revolutions per minute, giving a piston speed 
of 800 feet per minute. Such engines work satisfactorily, and seem to 
require little more attention than larger engines developing the same 
power. 
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PLUMBING TRADE SCHOOLS AND THEIR IN- 
FLUENCE. 


By BE. N. G. Le Bots. 


OR reasons that are not far to seek, plumbing has not heretofore 
ranked high in honor among the handicrafts, and it must be 
admitted the plumber in the years that have gone, did much 

to bring upon himself the obloquy that so generally attaches to him. 
The perennial jokes of the newspapers that ring every conceivable 
change upon his jewelry, his incapacity, his cupidity, his slovenliness, 
and his general Ishmaelitism, tell the story of shortcomings that have 
been apparent at one time or another in one individual or many. His 
misdeeds are ever the subject of jest, but the time is not far distant 
when the delinquencies of his professional childhood will be kept no 
longer in remembrance, and he will attain to the honor and dignity 
that the importance of his work deserves. His case has many parallels 
in the rise from popular contempt of other professions which are now 
looked upon with high regard. Good old Dr. Browne, writing in 
the middle of the 17th century, spoke of the general scandal of his 
profession as an excuse for society’s refusing him the ‘‘ honorable style 
of a Christian’’ ; and Le Sage but reflected the current opinion of 
his day when he delineated the character of that immortal charlatan, 
Dr. Sangrado. Or, to come a step nearer to the plumber, think how 
scandalized the elegant Lord Chesterfield, with his contempt for the 
mechanic, would have been could he have looked forward but a cen- 
tury and realized the status the engineering profession would attain 
with the names of Sir Henry Bessemer and a host of others in the 
nobility of his own dear native land. The changes that have af- 
fected the estimate in which certain professions are held are not due 
to the fickleness of public opinion, but to the advance in the profes- 
sions themselves. Where in medicine quackery and ignorance ruled, 
and in mechanics brute force and rule of thumb, we now have the 
dominion of the natural sciences and the higher mathematics. In 
short, the education of the men who follow these callings has dig- 
nified the callings, and in like manner the education of the plumber 
in all that pertains to his work is already bringing the coveted reward 
of honor. Without the education that his work demands, the plumber 
must remain an ordinary manual laborer ; but, with it, he is in a cer- 
tain sense a sanitary engineer ; and that is what he is destined to be, 
and will be, if he continues the upward course he is now treading. 
646 
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As at present understood the sanitary engineer is one who serves 
in an advisory capacity ; he plans and perhaps supervises in a general 
way the sanitation of buildings (we are not here concerned with sew- 
erage); but the actual work of installing fixtures and ‘running pipes is 
done by the plumber. As a matter of fact, the services of these engi- 
neering experts are not in general demand, and the great bulk of the 
plumbing throughout the country is done under the intelligent and 
conscientious, or ignorant and conscienceless, direction of the plumber 
himself. His function is therefore a most important one, and it is 
not doing violence to truth to say that he holds the health of the 
community in his hands. ‘The physician merely cures disease ; the 
plumber does, or should, prevent it. Not a day passes that we do 
not learn anew of the dangers of contaminated drinking water and of 
air polluted by sewer emanations. Drains must enter either into 
sewers or cesspools, or, as they might be termed, pest-holes ; and, simple 
as the problem may seem, it is no easy matter to utilize these sewage 
receivers and at the same time completely insulate them. ‘This is the 
main problem that the plumber is called upon to solve, and the more 
clearly he recognizes its difficulties, the more care and thought must 
be given to its correct solution. Education and skill alone will en- 
able him to direct at will these deadly fluids and gases where they may 
do no harm, leading them away, without leakage or escape, through 
their proper channels. It is not necessary to exaggerate the danger of 
bad plumbing. ‘The plain facts of the case are sufficiently disquieting 
to all who wish to live and keep in health. Persons have drunk of 
contaminated water and breathed the air from drains and sewers with 
no ill effects; but, on the other hand, who cannot recall many in- 
stances of sickness and death directly traceable to defective sanitary 
arrangements ? 

With the virtual ending of the apprentice system, under which a 
boy served a number of years in a shop in preparation for a journey- 
man, the regular training of apprentices disappeared, and a free field 
was opened to the ignorant and shiftless to pose as qualified journey- 
men with no better equipment than their own assurance. ‘The con- 
scientious boy could, and did, master his trade by the slow and difficult 
process of ‘‘ picking it up’’ in shops where the master and the jour- 
neymen were alike indifferent to his progress ; but it isno wonder that 
the average boy, who is in the majority the world over, shirked along 
for a few years in one or a dozen different shops, until, having acquired 
the art of wiping a joint and having perfected himself in profanity and 
other side lines, he accounted himself a journeyman and as such sought 
more remunerative employment. The absence of a proper system of 
training in the trade gave opportunity, furthermore, for foreign work 
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men to push in to the exclusion of American youths, and then, too, 
the journeymen, fearing the overcrowding of their ranks, kept out the 
boys when they could, and too often hindered their education when 
they could not keep them out. 

The late Colonel Auchmuty, whose splendid monument is the 
New York ‘Trade School, realizing the miserable state of affairs that 
existed not only in the plumbing, but in the other manual trades as 
well, devoted the closing years of his life and much of his for- 
tune to bettering the condition of his young countrymen. He saw 
the younger generation of Americans denied the privilege of learning 
trades, and resolved to furnish them the opportunity for education 
that the old apprenticeship system had afforded. In an address on 
‘Trade ‘Training’’ delivered before the National Association of 
suilders in 1889, Colonel Auchmuty said: ‘If then the master 
mechanic is no longer able to give much personal attention to his 
apprentice, because his time can be more profitably spent in his office 
than in his workshop, and, if the workshop, owing to the subdivision 
of labor, is no longer the best place to learn a trade, some other sys- 
tem of training the young mechanic must be found. ‘That system 
would seem to be afforded by the trade school, where trades are taught 
precisely as the professions are now taught in professional schools.’ 

Led by the New York ‘Trade School, other schools and classes have 
come into being, until now there are several places where the ‘é art 
and mystery ’’ of plumbing may be conquered. It is in the east that 
the greatest progress has thus far been made, but whenever the west 
awakes to the need of this line of manual education, the liberality and 
magnificent enterprise of that region will, without doubt, find plenti- 
ful expression. Foreign labor has not yet encroached upon the right 
of the native there as it has in the older cities of the Atlantic sea- 
board, and, furthermore, a new country is less particular as to the qual- 
ity of its domestic engineering; a Kansas farmer has not the same 
sanitary ideals as the Fifth avenue householder. 

‘The New York Trade School has already been mentioned. Besides 
its plumbing class, which has been the most popular in point of mem- 
bers, the attendance during 1893 in the day and evening classes being 
287 out of a total attendance at the school of 556, it has classes in 


bricklaying, plastering, carpentry, house painting, stone cutting, fresco 


painting, blacksmithing, sign painting, printing, steam and hot water 
fitting, tinsmithing, and roofing and cornice work. In the Department 
of Science and Technology of the Pratt Institute, Brooklyn, N. Y., 
there is a two years’ course in plumbing, at the end of which an 
examination is held by a committee of the Journeymen Plumbers’ As- 
sociation of Brooklyn and certificates awarded. Should the holder af- 
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terwards apply for admission to the association, this certificate is ac- 
cepted in place of the examination of like character otherwise required. 

The Master Builders’ Mechanical ‘Trade School of Philadelphia, 
while instituted primarily for evening instruction in the building 
trades, such as carpentry, bricklaying, etc., has with the most satis- 
factory results given attention to plumbing, there being a nine months’ 
course of three evenings per week, during which both manual and the- 
oretical instruction are given to the students. 

The three schools just mentioned are the best known places for in- 
struction of this kind, and each is proving by its work to be of in- 
calculable benefit to a host of ambitious young craftsmen. It should 
be botne in mind that these institutions are not of the eleemosynary 
sort, where juvenile unfortunates are taught and cared for without cost 4 
to themselves, but rather they are schools where the self-respecting 
young mechanic can, at a reasonable expense, attain the instruction \ 
he is searching for. Other classes there are in New York and else- | 
where for instruction in plumbing, like that in the Springfield ( Mass.) | 
Christian Industrial and Technical School, the Baron de Hirsch i 
‘Trade School for indigent Hebrews, and the North End Union of Bos- 
ton, where the pupils are afforded the means to rise from poverty and | 
industrial helplessness by their own efforts; and in this connection, 
though not of this kind, mention at least by name should be made of 
the trade school of the Elmira State Reformatory, where plumbing is a | 
popular and successful course. 

To give anything like a full account of the methods of instruction } 
pursued at the New York ‘Trade School, the Pratt Institute, and the 
Philadelphia Master Builders’ School, with comparisons between the \ 
merits of the systems as they vary in these schools, is clearly unnec- 
essary here. It will suffice to merely outline the course of instruction I 
inaugurated by Col. Auchmuty at the first-mentioned institution. 
The course of plumbing at the New York Trade School includes day i 
and evening classes ; in the former, for which the charge is $40, in- ! 
struction is given every day in the week for a period of four months ; 
and in the latter, for which the fees are $14, three evenings in the 
week for a period of five and a half months. The day class is reserved 
for young men between 18 and 22 years of age, and the hours of work 
are from 8 o’clock in the morning till 4 o’clock in the afternoon, 
stopping at 2.30 Pp. M. on Saturdays. At present the class is limited 
to 120 scholars, but so popular is the course that last year a number 
of applicants had to be refused because of lack of accommodation. 
The evening class for young men between 16 and 21 years of age is 
divided into two sections of 75 each, who are taught on alternate 
evenings from 7 till 9.30 o’clock ; and on Friday evenings both sec- 
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tions are instructed by lectures in the theoretical features of the work. 
‘The manual instruction is given in a shop specially designed and fitted 
up for the purpose, where the scholars, under competent instructors, are 
carried along from the simplest work in the manipulation of lead and 
solder through all the different stages of ‘‘ joint wiping’’ up to pipe 
bending, fixture setting, boiler work, etc. ‘There is also a special 
course in lead burning for the day class, for which extra charge is 
made. 

The most important and difficult step in the mastery of the 
plumber’s art is learning to wipe a joint. It is as near the one thing 
needful to competency in this particular calling as any single operation 
can be. Briefly told, it is the joining of two pieces of lead pipe by 
means of an elongated bulb of solder. ‘he melted solder is poured 
on the abutting ends of the pipe and dexterously caught on a cloth 
pad ; it is then delicately manipulated over and under and around the 
joint as it stiffens in cooling until it finally hardens into a silvery bulb 
of symmetrical proportions. ‘lhe operation, which is so easy in tell- 
ing, means hours and days of patient labor, burns innumerable, and 
failure upon failure,—altogether such a self-disciplining task as would 
have been joyfully imposed upon the youth by the law-givers of old 
Sparta. But this feat in lead working must be mastered, and mastered 
too in all its applications. Its importance will be appreciated from 
the statement that of the sixteen operations that constitute the regular 
course of manual instruction eleven are concerned with ‘* wiping.’’ 
The scholar must learn to wipe a horizontal round joint, horizontal 
branch joint, upright round joint, 14 bend, upright branch joint, stop 
cock, flange, ferrule, bath plug, vertical branch, and side flange. ‘The 
tasks are appointed in the order of increasing difficulty, and the young 
men are kept at each operation until they become proficient in it and 
can turn out a workmanlike job. The instructors inspect the work 
and give what assistance they can, but, from the nature of the case, the 
process of manipulating the metal successfully can only be acquired by 
careful and continued effort. ‘The dexterous scholar will quickly pick 
up the art of handling molten metal, and is advanced accordingly ; but 
the clumsy novice, with no deftness of touch, finds it an all but impos- 
sible task, and the course is often ended before he has solved the en- 
tire number of material problems that are set for him to do. 

For the scientific instruction, question blanks are furnished and the 
lecturer takes the questions in order, writing the answers on a black- 
board from which the scholars copy them into their blanks. Along 
with the answers, the lecturer fully explains the subject with the aid of 
diagrams, and this plan of imparting information has been found 
extremely efficient. The lecture course covers water supply and drain- 
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SAMPLE OF WORK AT THE PRATT INSTITUTE, BROOKLYN, 


age as applied to house plumbing, some of the principal subjects being : 
service and waste pipes, trapping, ventilation, boilers, tanks, fixtures, 
and pumps. In addition to the regular instruction, the day students 
are taught bookkeeping and mechanical drawing, and are taken to the 
showrooms of dealers in plumbers’ supplies to inspect the latest 
appliances and fixtures; they are likewise required to fill out specifi- 
cations to conform to the rules of the New York Board of Health. At 
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the expiration of the course the scholars are examined by a committee 
of the New York Master Plumbers’ Association, and certificates are 
given to those entitled to them. 

The opportunity to learn their trade more rapidly that the even-- 
ing class offers to boys who work all day in plumbing shops, is very 
generally appreciated, as is proved by the fact that the great majority 
of students are ‘* helpers’’ who thus reduce their term of service by a 
year and, at the same time, acquire a better grounding in the principles 
of their trade. On the other hand, the day class is mainly composed 
of young men who have no previous knowledge of this trade, but are 
able to give their entire time to learning it. 

From this necessarily brief account of the plumbing class at the 
New York ‘Trade School, it will be profitable to consider for a moment 
the present scope of the plumbing school and the advantages it 
affords. In a recent letter Mr. W. A. H. Allen, the efficient super- 
intendent of the Master Builders’ Mechanical ‘Trade School of Phil- 
adelphia, writes as follows : 

It has been shown that evening instruction can give such knowledge that an em 

ployer will have no inducement to employ his apprentices in errand boy’s work, and, to 
go further, some graduates, already apprentices, have stated that the information ob- 
tained in one term exceeded that of a year in the shop. In a trade like plumbing the 
apprentice must, of course, be occupied with whatever class of work comes to the shop, 
and it has happened that some of two years’ standing had experience only in gas and 
steam fitting. Naturally, they were anxious to learn something of lead working before 
completing their time, and in.the trade school found the opportunity they desired. . 
In the trades the great trouble is that workmen learn from each other the mechanical 
execution of a certain process with no knowledge of any principle to guide them if the 
conditions are changed. Unfortunately, also, they rather distrust books, and have no 
faith in science as applied to mechanical work. Hlow many are acquainted with a gen- 
eral rule for obtaining the capacity of a tank of any of the usual shapes, can determine 
the size of a tank which will contain a given quantity of water, or find the size of sev- 
eral outlets of different diameter which will aggregate the area of the main? ‘Tables 
are convenient, but he who knows only one way of performing a certain calculation will 
surely tind himself often at a loss how to proceed. ‘To many, a drawing conveys no 
more idea than a written page to him who cannot read, and, though they know that in 
the course of time they will be called on to interpret a plan, yet they usually leave such 
knowledge to come to them by intuition. But they appreciate its value. and applica- 
tions have been received from journeymen for that part of the course reserved for the 
evenings devoted to theoretical instruction. 


It will be seen that the function of the trade school is not alone to 
give manual instruction in the different processes of work, but also to 
instill a knowledge of principles, so that the scholar may be capable of 
mastering his trade in all its ramifications. A single scientific principle 
thoroughly comprehended will bring solutions to a hundred specific 
problems. For example, the hydrostatic law that the pressure of water 
is due to its depth independent of the size or shape of the containing 
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vessel is of constant application in plumbing, and it is surprising how 
persistently the untaught mind questions this fundamental fact. That 
a column of water an inchin diameter will balance one of equal height 
twenty feet in diameter, and that a half-dozen branch pipes leading to 
a single closed reservoir below give no more pressure than one pipe 
would give, is an unceasing puzzle to the ignorant, and the plumbing 
papers in their correspondence departments are continually called upon 
to answer this question in one or another of the myriad forms in which 
it is propounded. ‘That a suction pump cannot possibly lift over 34 
feet is another question of similar difficulty, and the list of such ques- 
tions might be indefinitely extended. Now an able lecturer, in half 
an hour’s talk, with the help of illustrations, can so impress upon the 
scholars the principles governing these cases that, however the ques- 
tion may arise in after practical experience, it will never occasion the 
slightest doubt in mind or hesitancy in action. 

Another thing to bear in mind in connection with the theoretical 
instruction the trade schools afford is that manual dexterity in the work- 
ing of lead will be of less account in the future than it has been in the 
past. Much high-class plumbing nowadays involves no lead work at all, 
and the use of iron and brass pipe, together with the extensive variety 
of fixtures and fittings on the market, relieves the plumber ofa 
great deal of special labor peculiar to his trade. So far, therefore, 
as the manual work is concerned, he will tend to become merely a 
good general mechanic, but well-versed in sanitary science ; and more 
and more emphasis will be laid upon the latter qualification. 

That the plumbing trade schools, as at present conducted, do not 
fulfill to the letter all that was prophesied of them will hardly be de- 
nied, but that they do fulfill ina large measure the promise of their 
beginning is a fact beyond dispute. Apart from all outside influences, 
such as the opposition of trade unions that wish to keep down the 
number of skilled mechanics in their calling, there are other difficul- 
ties in the way of perfect success. The course in the trade school is 
necessarily short, and also, from the nature of the case, much of the 
scholar’s labor is expended upon mere school exercises ; and such work, 
in spite of all that may be said to the contrary, does not appeal to the 
scholar and stimulate him in the way that work to some directly practi- 
cal end, for which he will be paid, appeals and stimulates. He will per- 

- haps master the principles of his work more thoroughly in the school 
than in the shop, but the finished school exercise shows the touch of the 
amateur more evidently than the corresponding operation performed 
under the less friendly eye of a wage- paying employer. 

Then, too, the large number of young men in the classes prevents 
the continual supervision of the instructor, and he cannot, therefore, 
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correct each misapplied effort and faulty manipulation. Finally, the 
young men themselves, though far more conscientious than a similar 
number of students in any college. will, at times, with the nonchalance 
of youth, evade their duty, and even the fact that they are paving for the 
instruction with their own hard earned dollars, or out of the scanty sav- 
ings ofa parent, will not altogether overcome the careless spirit of indo- 
lence. ‘To find a class of scholars, even in a trade school, devoted to their 
work without cessation, and free from every trace of desire to shirk, 
would be to find, not a class of flesh and blood young men, but a com- 
pany of apprentice angels who had strayed away from heaven. But it 
is a thankless task to point out the practical deficiencies of schemes of 
instruction offered by the trade schools. ‘These institutions are all 
doing a noble work, and the increasing number of better educated me- 
chanics that they are yearly sending forth will do much to advance the 
status of the plumbing and other manual trades. 
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PRACTICAL LABORATORY TRAINING FOR 
METALLURGISTS. 


By Professor Robert H. Richaris. 


HE marked change in methods in education during the past 
thirty years is nowhere more plainly seen than in the light in 
which laboratory instruction of any kind is regarded. 

If the question had been asked in 1865, ‘* Is it necessary to have 
laboratories of ore-dressing and metallurgy in a school of mining en- 
gineering and metallurgy ?”’ it would have been necessary to defend 
with all the arguments that could be produced the position that teach- 
ing by experience from contact with things was a powerful step for- 
ward in education. 

Now, however, the developnent of the modern experimental 
method of teaching has been carried so far and with such success that 
defense is unnecessary. In the grammar and high schools manual 
training and drawing give a reality to arithmetic, algebra, and geome- 
try. In chemistry and physics experimental laboratories clear up the 
meaning of the text-books. In literature, language, history, and math- 
ematics the use of charts and diagrams makes clear the meaning of the 
books. In civil, mechanical, and electrical engineering field practice, 
machine work, testing power, economy, and efficiency, together with 
drawing, round out the text-book work with the experience neces- 
sary for a full understanding of it. ‘To go farther, some of the strong- 
est schools of mining and metallurgy in the country have become so 
largely through the development of field work and summer schools and 
of laboratories of mining and metallurgy. 

In comparing the three great engineering professions, civil, me- 
chanical, and mining engineering, it will be seen that the civil engineer 
deals with bridges, roofs, dams, aqueducts, and reservoirs ; all of which 
are fixed structures and mostly with fixed load. ‘The conditions are 
disturbed by trains, heavy snows and winds, floods, frosts, and thaws to 
acertain extent, but it does not appear difficult to obtain a factor of 
safety which will ensure protection from accident. This factor of 
safety is comparatively small. ‘The mechanical engineer deals with 
machines which, besides the statical forces, have to resist inertia, mo- 
mentum, and impact. Here the range of possibilities is much greater ; 
hence the factor of safety has to be much larger than with the struc- 
tures of the civil engineer. ‘The mining engineer, on the other hand, 
has to deal with the uncertainty of the mine roots, mine water, and, in 
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JOHN CUMMINGS 1 
AND M 


-ABORATORY. OF MINING ENGINEERING 


1. Milling Room. 

2. Blake Crusher. 

3. Cornish Rolls. 

4. Gates Crusher. 

Sample Grinder. 

. lron Sampling-Floor. 

. Cornish Automatic Feeder. 
. Trough Automatic Feeder. 
. Spitz Lutte. 

. Coarse Collom Jig. 

. Fine Cotlom Jig. 


12. Slime Table. 

13. Hendy Feeder. 

14. California Stamps. 

15. Amalgamated Plates. 
16. Frue Vanner. 

17. Jig with Moving Sieve. 
is. Water Tanks. 

ig. Steam Drying Tables. 
20. Sample Bucking Plates, ete. 
21. Sampling Table. 

22. Ore Bins. 


3. Pounding Block. 

Upright Engine. 

Dynamo sov X 504, 

Dynamo 2v Xx 50a, 
Depositing Table. 

Leaching Tubs. 

. Larger Amalgamating Pans. 
. Smaller Amalgamating Pans. 
. Settler. 

. Tank. 

. Space to grow in. 

Store Room. 

. Blacksmith’s Drilling Machine. 
36.1. Carpenter's Bench. 

36.2. Double Ball Grinding Mill. 
. Assaying Room, 

. Students’ Desks. 

. Ore Balances. 

. Muffle Furnaces. 

1. Crucible Furnaces. 


42. Great Stack. 

43. lron Table. 

14. Balance Room. 

15. Fine Balances. 

16. Store Room. 

47. Store Room, 

Furnace Room. 

1. Blacksmith Forge. 

Anvil. 

Blacksmith Table. 

Water Jacket Furnace. 

}. Furnace Ore Bins. 

. Brickner Roasting Cylinder. 

Copper Refining Furnace 

Larger Calcinining Reverberatory. 

7. Roasting Kiln. 

Lead Kettle. 

. Larger Cupelling Furnace. 

. Smaller Calcining Reverberatory. 

. Smaller Cupelling Furnace. 
Pot Furnaces. 

3. Space to grow. 


50. 


Sl. 


. Professors’ Laboratory. 
Table tor Electrolytic Work. 
66. Experimental Spitzlutte. 
67. Chemical Desks. 
os. Hood, 
69. Blowpipe Room. 
zo. Tables. 
zi. Cases for Apparatus, ete. 
2. Sink 


Library. 


74. Bookcase. 

7s. Space to grow, 

76. Table. 

77. Protessors’ Desks. 

7s. Lithographic Notes, ete. 
to. Toilet Room. 


. Lockers. 


st. Basins, 
S2. Closets, 
S3. Professors’ Room, 
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BRUCKNER ROASTING FURNACE, 


fact, the very life of the mine—all of which call for the development of 
judgment to a marked degree. Metaphorically speaking, we may say 
that his formula is mostly factor of safety, and that the factor of safety 
is determined by his judgment. 

How much more important does it seem, then, that the young mining 
engineer and metallurgist should early begin to learn by experience from 
actual professional work, not only in order thathe may gain the advan- 
tage of interpreting his text-books intelligently, but also to store up 
that fund of experience upon which his active professional work must 
so largely depend. 

A school of mining and metallurgy, then, needs a laboratory for ore- 
dressing and one for smelting and other reduction processes to give the 
young engineer a good start in acquiring from his own personal ex- 
perience the principles involved in his profession. He can make this 
beginning much better with guidance than without it. Hence it is bet- 
ter for him to become accustomed to machines and processes in the 
school than after he leaves it. Again, experience acquired during the 
school course reacts upon the lectures, which, asa result, immediately 
cease to be abstract dissertations and become concrete acquisitions. 

The laboratory should contain apparatus which it is practicable to 
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use for treatment of ores. ‘The ore-dressing, roasting, amalgamation, 
lixiviation, smelting, and refining of the ores of gold, silver, copper, 
and lead furnish the desired field. Mining operations are imprac- 
ticable: prospecting, sinking, drifting, stoping, hoisting, can only be 
taken as field work; they can none of them be adapted for school lab- 
oratory work. ‘The metallurgy of iron and steel, including smelting, 
puddling, Bessemerizing, open-hearth and crucible steel, has not 
been adopted, owing to the magnitude of the quantity of material and 
the time, labor, and cost incurred. It is not probable that any of them 
will be adopted in the school, unless possibly the last mentioned. In 
fact, they are not needed, as the young man can study the principles of 
metallurgy just as well with the copper, lead, silver, and gold ores. 
But the fact that it is only principles which are being taught in the 
laboratory, and not practical details, cannot be too strongly empha- 
sized. It is true that principles are well taught by the use of correct 
practice. But practice is an incident only, and one on which the stu- 
dent cannot afford to spend his school time. 

A strong point in favor of laboratory training is the opportunity 
that is afforded to learn by making mistakes. For example, if a 
student in roasting a gold ore preparatory to gas chlorination fails to 


COPPER REFINING FURNACE AND ROASTING FURNACE, 
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SET OF SMALL AMALGAMATING IANS, 


read his instructions and puts salt in with the ore at the beginning of 
the roasting, he may find, when he takes account of stock, that from 
twenty to forty per cent. of his gold has disappeared up the chimney. 
The results of the test are: 


a. A loss of gold amounting to $1.00 or less. 

6. ‘The student has learned that gold chloride is volatile. 

c. The student has learned that, if he would succeed at anything, 
he must get all the known facts about it before beginning the test. 

Which of these three results is of greatest value to the student ? 

Undoubtedly the last is by far the greatest, because it reaches into 
all metallurgy, while the first two are but isolated facts. But one 
may say, ‘* The latter is not metallurgy at all; it is common sense.”’ 
The reply is that we must make the man before we can make the 
metallurgist. We must cultivate common sense in metallurgy by 
every possible means, and that is the object of the laboratory. 

It has sometimes been urged that a laboratory of this sort ought to 
settle many important metallurgical questions: for example, what is 
the best rate of fall and height of discharge of stamps for the maximum 
amount crushed for the power employed? It should be able to settle 
such vexed metallurgical questions, but this goal will not be reached 
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largely with undergraduate work. ‘The moment the experiments are 
so guarded that the student cannot make his mistakes and gain his 
experience, the advantage of the laboratory to him is largely curtailed. 
The mode in which advanced metallurgical experiments can be ob- 
tained is through the return to the school of older, more mature men 
who come to the laboratory with the sole purpose of working out some 
problem. ‘To these the laboratory should always be open, and their 
work should prove of the highest value to the metallurgical world. 

In order that a process may be suitable for adoption in a mining 
and metallurgical laboratory, it must teach some ore-dressing or metal- 
lurgical facts and give some experience. ‘The student must have an 
opportunity to exercise his judgment; first in selecting his process, 
then in operating the process chosen. ‘Therefore, it is well that 
there be alternative processes. An illustration may be taken from work 
with a slime table. ‘The questions arise: shall clean heads be made 
and the tails be treated again; or, shall there be clean tails and 
the heads be treated over; or, shall there be clean heads and 
tails with a middling product? These same questions again arise in 
regard to smelting for the greatest quantity of clean metal and clean 
slag: shall the lead be held in the crucible of the furnace and tapped 


FURNACES FOR POT MELTING, WITH TRAVELING LIFT FOR COVERS, 
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WATER-JACKET FURNACE FOR SMELTING LEAD AND COPPER ORES, 
out periodically ; shall a lead well be used ; shalla fore hearth be used ; q = 
q 
or shall the lead, matte, and slag be tapped out clean and all together ae 
at every tap ? 
Finally the student should have means to test his results in order ; 


that he not only may see if his selection of the process was good, but 
also may form his conclusions in regard to operating the process. If f 


i 
smelting is to be done, the student should analyze his materials, caleu- i 
late his charge, make his smelt, and analyze his slag, in order that he may q 
ascertain how nearly his results agree with the plan he made. He should 
then take a complete account of stock, and account in each case for a 
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every bit of the valuable metal lost. ‘This careful account of stock is 
one of the most valuable parts of the student’s training. He sees how 
much depends upon slight variation in process and upon the careful 
handling of material when upon the sum total of these items rests the 
difference between profit and loss. Where work is done upon a small 
scale,—for example, as in amalgamation,—the student may try a series 
of experiments in search for the conditions yielding the highest rate of 
extraction. Wherever possible, highest net economy or highest ex- 
traction should be brought into the work. 

The scale upon which laboratory work should be done will be gov- 
erned by several considerations. It must be large enough to give some 


A PAIR OF 2-SIEVE COLLOM JIGS, 


real experience approaching practice with both the physical and chem- 
ical forces at issue, but not so large as to tire out and discourage the 
student by the sheer effort of the mechanical handling of the ore and 
products. Other considerations—such as the distance from the mines 
and the cost of purchasing and freighting the ore (in case it is not given 
in return for results )—will tend toward a solution of the question of the 
amount to be handled. This will also determine the size of the ap- 
paratus to be selected. An instance will perhaps best show the man- 
ner of deciding this point. A California gold stamp battery will crush 
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CUPELLING FURNACE—STUDENTS WATCHING FOR THE ** BLICK.” 


from ten to fifteen tons in twenty-four hours with an average of per- 
haps twelve tons. It would then crush one thousand pounds of gold 
quartz in one hour. If, for reasons previously given, one thousand 
pounds of gold ore was the quantity found to be the most desirable for 
treatment, then the full-sized battery would stamp it so quickly that 
there would be very little experience gained by the use of it. A far 
better proportion would be 250-pound stamps and three of them 
in the one battery. Sucha set of stamps would take seven to eight 
hours to crush the one thousand pounds of gold ore, and would 
give a day of good experience to the student in charge, as well as to 
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the members of his class. In like manner the size of all the machines 
should be selected with reference to their speed of treatment and the 
quantity to be treated. 

‘The student’s work will naturally divide itself into (@) the period 
of preparation, (4) the period of experimenting, and (c) that of clean- 
ing up and taking account of stock. Each member of a class may 
be assigned his own complete metallurgical process. During the first 
and last periods above mentioned he will naturally work alone and 
without the help of his classmates. But when the ore treatment is to 
be done, then the whole class will be called in to render assistance. 
In this way all will gain experience from working the machines or 
furnaces. 

Another advantage which the student derives from his laboratory 
work is the ease with which he can go from the laboratory into the 
smelting works or mills. ‘lhe transition is made without any great 
plunge. He has, as it were, been there already. ‘This saves his self- 
respect with the men, and brings him into a condition much nearer 
to usefulness at the start than any attainable by other known systems. 

The director of a laboratory must have both the knowledge and the 
skill to do all the kinds of work in the curriculum, and he must have 
had experience enough in metallurgy to help the student to reach wise 
decisions as to his methods and just conclusions as to his results, that 
he may get the most out of his work, and avoid going off on too 
many fool’s errands. ‘The director must make the interest of his stu- 
dents his first care, and not allow the advancement of science or of 
business interests to interfere in any way with the highest development 
of the student. 

The laboratory must be considered simply as a means to an end, 
and that end is the development of the student’s power to investigate 
and to execute. 


{The illustrations accompanying Professor Richards’ article show the building con- 
taining the metallurgical laboratory of the Massachusetts Institute of Technology, the ap- 
portionment of space, and the more important items of the plant.—Eprror. | 
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OPERATING MACHINE TOOLS BY ELEC- 
TRICITY. 


By George Richmond. 


HE principal office of the machine tool being to remove sur- 
plus metal, it would seem that a direct relation might be es- 
tablished between the weight of cuttings produced and the 

work done by the driving engine. Experiments on a variety of tools 
have shown that 1 horse-power applied directly is sufficient to remove 
about 40 pounds of cast iron, 33 pounds of wrought iron, and 23 
pounds of steel. 

Any attempt to utilize these results in estimating the power of the 
engine would require the introduction of an efficiency factor, so small 
and variable in amount as to reduce the operation to that of a mere 
guess. 

It is well, indeed, to. keep this ultimate ratio in mind, for the 
additional work expended is that alone which is capable of reduction, 
and it is so enormous in amount as to leave room for the exercise of 
judgment in various directions. Something may be effected by the 
discretion of the foreman in choosing the proper tool for doing the 
work, and by the workman in keeping his tools in proper condition 
for cutting off the maximum amount with a given power, and still 
more in keeping the machine in easy running order ; but there remains 
a large amount of work expended by the engine which is unaccounted 
for, either by the heap of cuttings or the friction of the tool itself. 

The following table * gives some actual data on this subject, from 
which we see that the lost work varies from 15 to 80 per cent., giving 
an average in the ten shops of 38.6 per cent. It is extremely difficult 
to make these comparisons in such a manner as to draw fair conclu- 
sions, for in the first place it is obvious that the larger the extent of 
the establishment and the greater the area over which the power is 
distributed, the larger will be the proportion of lost work. The en- 
gine is rarely, if ever, located with a view to driving the whole of the 
machinery with which it is ultimately connected to the best advantage 
as regards transmission. Such a position would theoretically be found 
by a process similar to that of finding the center of gravity, so that 
the engine might transmit the same power in every direction. As it 
is, the addition of extra machinery at a point necessarily very remote 
from the engine may involve not only the work required to drive it, 


*From Dynamometers and Measurement of Power. Prof. J. J. Flather. 
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670 OPERATING TOOLS BY ELECTRICITY. 


HORSE POWER, 


A CROCKER-WHEELER MOTOR OPERATING A RADIAL DRILL PRESS, 


Name of Firm. Nature of Work. Potal, 
Wood-working machinery. | 15 15 
Union Iron Works .... esas Engines, mining machinery 400 | 95 .23 
Frontier ron & Brass Works. Marine engines, ete,..... 25 | 8 32 
Baldwin Locomotive Works. Locomotives. ..... 2500 | 2000 .80 
W. Sellers & Co. (one dep't. ) Heavy machinery... ...... 102.45, 40.89 -40 
Pond Machine ‘Tool Co... ... Machine-tools......... .. 180 75 
Vale & Towne Co.........; Cranes and locks. Terre 66,81 .49 
Ferracute Machine Co,..... Presses and dies. .... II 
Bridgeport Forge Co........ Heavy fONPINGS. . 150 75 .50 
Hartford Machine Screw Co, Machine screws ........ 400 300 25 
1 


/ 
: 
| 
Exe | | ; 
-4 


OPERATING TOOLS BY ELECTRICITY. 


but a strengthening of the 
main shafting and _ conse- 
quently additional friction 
along the whole line of trans- 
mission. Moreover, the rel- 
ative continuity of running is 
a factor which must be taken 
into account, for the lost 
work expended in transmis- 
sion is the same whether the 
tool is run one hour or ten. 
The cure for this, pro- 
posed by the electrical engi- 
neer, is, in its most radical 
form, to attach a motor to 
each machine-tool. In even 
the largest “and most strag- 
gling establishments the cost 
in the leads for transmission 
to the machine is then insig- 
nificant. ‘The power con- 
sumed is strictly proportional 
to the work done, and we 
are now brought to a point 
at which we can make a 
comparison between the 
weight of the cuttings and 
the reading of the Watt meter. 
We should not indeed get a 
very constant ratio, but we 
should obtain some valuable 
information as to the efficient 
running of the machine as 
such, and the man_ handling 
it. <A less radical solution is 
to groupa number of machines 


around a motor admitting of 


an infinite variety of combi- 
nations,—from that of two 


or three machines to that of 


all those on the same floor or 
in the same shop. 
The first solution is that 


VARIABLE SPEED ELECTRIC DRILL PRESS, 
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I0-TON BORING MILL, CHANGE GEARING ; POWER SUPPLIED THROUGH LAMP CORD 
TO IH, P. MOTOR ON BORING HEAD. 


which appeals most strongly to the imagination, and, without being 
carried away by the somewhat rhetorical enthusiasm of the motor 
manufacturer, the picture of a shop devoid of light-obstructing belting 
and belt shifters, oil-dripping hangers, and perverse main shafts is an 


A BRUSH 4 H. P. MOVABLE MOTOR. 
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A LONG AND ALLSTATTER PUNCH DRIVEN BY ELECTRICITY. 


inviting one. We are even willing to admit that, when light travel- 
ing cranes run over all the tools, the workman will whip the work 
into and out of the lathe with incredible promptness, and that he 
will keep his hand on the regulator handle, following up the variations 
of cut with changes of speed so closely as to get more work out of his 
machine-tool than had ever been dreamed of in our old philosophy. 

Many very neat arrangements have been made of tools and direct 
driving motors, several examples of which are given. Naturally rotat- 
ing machinery, such as lathes and drilling machines, lend themselves 
most readily to such combinations, which up to the present are mostly 
the production of motor manufacturers. ‘The direct driving of the 
planing machine, with the abolition of the cumbersome reversing 
gear, will present a problem of greater difficulty for the electrical and 
mechanical engineer. 

It cannot be questioned that there are many applications of the 
direct-driven machine-tool which fully justify the claims put forward 
for it. If it displaces a tool so remote from the engine-room as to re- 
quire a special engine, the chances are that a comparison will give 
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A CARD MOTOR OPERATING A RADIAL DRILL, 


some very pretty figures, which, however, will have the proverbial 
falsity when applied to the case in hand,—namely, that of an ordinary 
machine shop furnished with directly-driven tools. For, in the pres- 
ent state of the art, it can hardly be seriously claimed that such a shop 
could be run with a less expenditure of motive power than one fitted 
up with reasonably efficient shaft transmission. 

In an ordinary machine-shop the majority of the tools require a 
very small amount of power to run them under average conditions, 
nor does this amount of power vary so much as a casual glance at the 
belt connections would suggest. As the direct-coupled motor must 
be prepared to furnish the maximum power required, this means of 
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course that the motors are habitually run at considerably less than their 
rated capacity. With the increased use of direct-coupled machines 
statistics will no doubt be obtained as to the ratio between the maxi- 
mum and average power required, for the observations will be compara- 
tively easy to make. In the meantime the practice seems to be to 
provide a motor of ample capacity, and this in itself isa cause of some 


A SELLERS FLOOR BORING MACHINE AT CRAMP’S SHIP YARDS, 
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misgivings on the part of the machinist. He has a lively recollection 
of instances where the disastrous results of carelessness or inattention 
have been averted by the kindly habit the belt has of slipping or run- 
ning off altogether when an unsolvable problem is presented to it, and 
the question arises whether the safety fuse can be depended on to the 
same extent under similar circumstances. 

Assuming that the bulk of the machine-tools in the average shop 
require less than one horse-power each to run them, and that the 
motors are run at very much less than their rated capacity, it would at 
the present time be rash to expect from them a higher average efficiency 
than 60 or 7o per cent. ‘The dynamo supplying the motors will also 


BRUSH MOTORS OPERATING TRAVELING CRANE,.— SEE PAGE 680. 


be run under conditions unfavorable to maximum efficiency, the aver- 
age power being considerably less than its rated capacity and fluctuat- 
ing more or less violently. An efficiency, therefore, of 85 or 90 per 
cent. may be considered satisfactory for plants of moderate size. If 
we take the smaller efficiencies, then one horse- power utilized requires 
the furnishing of 1.96 horse-power by the engine. Allowing 2 per 
cent. for work wasted in the leads, we obtain as a result that 50 per 
cent. of the work delivered by the engine is absorbed in transmission. 
If we take the higher efficiencies, —namely, go per cent. for the gene- 
rator and 7o per cent. for the motor,—then 1.6 horse-power must be 
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SHOPS OF WROUGHT IRON BRIDGE CO,, GENERAL ELECTRIC MOTOR OPERATING 
PUNCH AND SHEAR, 
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furnished for every horse-power utilized, and, adding 2 per cent. for 
the leads, more than 27 per cent. of the work furnished by the engine 
is absorbed in transmission. If the time required to take care of the 
large number of motors employed were devoted to keeping the usual 
system of transmission in order, it cannot be doubted that in point 
of economy the advantage would remain with the latter. 

It may be objected that the fact so often insisted on—namely, that, 
while the machine tool is not in operation, no work is being done on 
its account—has been ignored. ‘This, though very important in some 
applications, is less so in the case of an ordinary machine shop where 
the majority of the tools are running with short intermission. More- 
over, the stopping of the motor does not diminish the friction of either 
the engine or the generator ; the saving therefore is at most the differ- 
ence between the friction of the line shaft and that of the generator, 
since the countershaft connections could usually be cut off by suitable 
clutches if the saving effected were sufficient to warrant the expense. 

For driving larger tools subject to intermittent use and distributed 
over a large area, electric transmission may be expected to make a 
better showing on the score of economy, besides securing the important 
advantage ofa clear head-way. Such an installation was made by the 
late E. V. Clemens, while superintendent, in the erecting shop of the 
De La Vergne Refrigerating Machine Company, New York. When 
this was completed in 1892, some of the heavier tools were removed 
into it and adapted to operation by independent motors. ‘The full 
advantage of direct coupling could not of course be obtained in this 
case, but the necessary countershafting is attached to the walls of the 
building below and well out of the range of action of the traveling 
crane. 

The tools thus operated are as follows :— 


75 H.P 


All the motors are of the C & C type, running at about 1100 revo- 
lutions, the crane being the Morgan three-motor type, having a 
lifting capacity of 15 tons, a span of 52 feet, and a clear height of 24 
feet 10 inches. The current is produced by two 40 horse-power 
Thomson-Houston generators run bya 1oo horse-power vertical Hewes 
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& Phillips engine. In actual practice one generator is found to be 
sufficient, though it is rather severely taxed at periods when the crane 
is operated at the same time that the planing machine is run on a 
short cut. This latter machine was at first supplied by a ro horse- 
power motor, but reversing was found to slow it up too much, 
notwithstanding the addition of a fly-wheel, so that a 15 horse-power 
motor was substituted. The table on page 685 represents the results 
of atrial extending over five weeks, giving the time run by each motor 
and the machine driven by it, the average horse-power delivered as 
determined from the Watt-meter, and average of these for the whole 
period. ‘The indicated horse-power calculated as the average results 
of some 40 cards was 23.98. Although the times of taking the 
cards were arranged with a view of obtaining a fair average result, 
nothing short of a continuous record could, under the circumstances 
of fluctuation, give perfectly reliable results. That these were prob- 
ably near the truth was considered to be shown by the fact that the 
friction of the engine generator, and intermediate connections, ac- 
counted for 13.4 horse-power of the 14.3 horse-power of missing work. 
It was intended to ascertain the amount of work consumed by each 
tool, but the observations were rendered of little value in consequence 
of a subsequently discovered defect in the instruments. However, 
the amount of work to be credited to any one machine (including the 
proportional amount of the loss in the leads) can be. written down 
directly from the above table in the determinant form, the reduction 
of which however would probably involve more labor than the in- 
formation is worth. 

Before making any deductions from the facts here disclosed, it 
may be observed that, under the circumstances of the trial, a 50 horse- 
power engine would have been sufficient for the purpose, provision having 
been made for extending the plant. We may deduct say 6 horse-power 
from the lost work, so that 18 indicated horse-power would have been 
supplied. If we allow 6 horse-power for the friction of the engine itself, 
this leaves 12 horse-power furnished, of which 2.22 was consumed in the 
counter-shafting and dynamo and a further (probably small) amount in 
.the leads. Considering the location of the machines, this may be consid- 
ered a very fairshowing in comparison with the cost of running shafting 
—and, in view of the convenience, eminently satisfactory. These fig- 
ures cannot fail to suggest a solution which might reduce the first cost 
of such an installation, for, since less than 10 horse-power is called for 
on the average, why should nota 15 horse-power engine, with storage 
batteries, run it? 

Neither the relative cost of installation nor that of maintenance 
have been discussed, for the reason that, while at the present day the 
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equipment of direct coupled motors is undoubtedly more costly than 
shaft transmission, the difference will ultimately decrease very mate- 
rially when the selling price of motors shall become more nearly related 
to the weight of metal employed in their construction ; and, although 
the maintenance of several hundred motors may seem an appalling un- 
dertaking, we may reasonably expect that, when pursued systematically, 
especially in view of continued improvements, it will be found no 
worse than the constant vigilance required to keep shaft transmission in 
order, with its lining up of shafting, oiling of hangers, taking up and 
repairing of belting, etc. 

The method of grouping a number of machines around a motor 
is at best only a transitory and temporary solution, and, while it may 
be employed with advantage under certain existing circumstances, it 
possesses few of the advantages of the direct coupled method and dis- 
advantages of its own. It retains the use of belting and counter- 
shafting, and, when the motor fails, the whole group of machines de- 
pendent on it is brought to a standstill. 

It is not believed, of course, that existing machine shops will 
reconstruct their plants to adopt the direct coupled method, but 
doubtless many such intermediate applications as that of the De La 
Vergne Refrigerating Machine Company, Fraser & Chalmers, and 
others will be made. If the collateral advantages claimed for inde- 
pendent driving are real, it isa matter of small moment whether the 
cost of running is greater or less than that of shaft transmission. If 
it can be demonstrated that materially more work is got out of the 
machine, this will be the controlling factor. ‘The number of men em- 
ployed per horse-power varies very much in different shops. ‘The 
average of the ten cited is about three men per gross horse-power. 

If an engine uses four pounds of coal at $3 per ton per horse- 
power, the cost of the latter per hour is 6 mills. ‘To utilize this, if 
we allow 20 cents per hour as the average wage, 60 cents is paid in 
wages alone, leaving out interest on cost and depreciation of the tool. 
Thus ove fer cent. increase in the efficiency of the tool would compen- 
sate a doubling up of the total horse-power now employed on the aver- 
age in the ten shops referred to. Hence the money value in any pos- 
sible difference in the cost of transmission, sinks into insignificance 
before only a small percentage of increase in the efficiency of the tool. 

Does direct electric coupling increase the efficiency of the tool, if 
so, to what extent? ‘This isa proposition somewhat difficult to prove 
in view of the many elements entering into it, but it is one to which 
the advocates of the system must principally address themselves. 


FIRST PRINCIPLES IN ARCHITECTURE. 


SECOND PAPER, 


By Prof. Im. FI. Geodvear. 


HE last sentence of my previous article read originally, ‘‘ The 
architect of the future is an engineer’’—and therewith the 
paper ended. 

Impressed by this sentence, the editor of ‘THr ENGINEERING Mac- 
AZINE has requested that I undertake to explain this sentiment, or to 
vindicate it. I take pleasure in responding to the invitation, but in 
doing so it becomes necessary to say that the reading of my preceding 
paper is almost essential to the proper understanding of the present 
one. 

I have shown that our historic styles are none of them traditions 
which connect with the original historic past, and that consequently 
they have not profited by its experience,—that they are purely super- 
ficial imitations, which in themselves neither do much harm or much 
good. ‘They do not do much good, because the superficial appearances 
of the supposed model, if they were virtues once, could not very well 
be virtues now, the conditions of life and culture being different. 
They do not do much harm, because genius and common sense are 
more or less superior to the self-deception which the very use of the 
term ‘‘ historic style’’ seems to imply. 

So far my editor considers my argument destructive rather than 
constructive. It points to certain inherent and necessary weak- 
nesses in all architecture which rests on an ideal of imitating historic 
styles for literary, sentimental, and archzeologic reasons. 

Very well, then ; what shall we do ina positive sense, if we are not 
to be literary? My answer is ‘‘ We are not to be literary, but practi- 
cal.’’ If I am asked ‘* How shall we be practical ?’’ my answer is, 
‘« Be practical.’’ If these answers be considered frivolous, I should 
then say ‘‘ Educate the consumer, or the patron.’’ In a word, ‘* Ed- 
ucate the public.’’ ‘lo put a little plainer point on it—‘* Stop blam- 
ing the architects.”’ 

I will take an example from last night’s newspaper, in which it 
appeared that a mansion at Asheville, N. C., is ‘‘ modeled after the 
chateau of Blois.’’ On the strength of this piece of news the follow- 
ing questions suggest themselves. First, supposing the alleged news 
to be true, we observe that the newspaper does not say that the man- 
sion is ‘‘ alleged ’’’ to have been modeled after the chateau of Blois. 
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So far from guarding against a suit for libel, as is customary where 
news damaging to the reputation is printed, it does not appear that 
the news was supposed to be damaging either to the owner or architect 
of the mansion. If it were said by the same newspaper that Mr. 
Gilder had modeled his last poem after one of Shakespeare’s sonnets, 
the word ‘‘alleged’’ would probably have appeared in the report, 
which otherwise would have been libelous in spirit, if not in law. Why 
should the architect hasten to announce what the man of letters would 
be anxious to conceal? The answer lies with the public, whose stand- 
ard of style in literature is originality, and, in architecture—the want 
of it. 

Second, still keeping to our concrete example, the question sug- 
gests itself: ‘‘ If the mansion at Asheville be really modeled after the 
chateau of Blois, would it not be well to inquire what the chateau of 
Blois is modeled atter?’’ If it should appear that the chateau of 
Blois is an original design, why should not the mansion at Asheville 
be another ? 

In this way of looking at things we should come to a curious re- 
sult. If the architect of the Asheville mansion were talking to me, we 
should undoubtedly agree in considering the Asheville mansion an 
original design but, when he is talking to the owner of the man- 
sion, it is ‘* modeled after the chateau of Blois.’’ A possible or prob- 
able thing is that the owner of the mansion, after visiting the chateau 
of Blois, thought that he would like to have another, ordered it, and 
was told“that he got it and believed it, and got something a good 
deal better than if he had gotten, what he ordered. 

Is there an eminent architect in this world who does not know that 
the frank exhibition of construction is the one test of good architec- 
ture, that the first and main mission of ornament is to emphasize 
construction, and that the conditions of construction change with 
every new century of history? Hardly. Why, then, should I bleat 
this lesson in his ears ? 

Is there a man of common sense in this world who believes that 
the life of the sixteenth century is being lived at Asheville, N. C. ? 
Hardly. Why, then, should I bleat the lesson in Azs ears that it is not 
being lived there ? 

Here comes the rub. ‘The man of common sense knows nothing 
about art, because he does not know that art is common sense. ‘There- 
fore I say ‘* Educate the public.’’ 

No easy task that—and yet it is being done. Witness the transfor- 
mation in American art between 1876 and 1894. What makes our 
task difficult? First and foremost, the specializing of pursuits and in- 
terests. I know nothing about chemistry, and my friend, who is a 
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chemist, can look at the entrance of the new Salvation Army building 
on r4thstreet without shuddering. ‘The modern eye is dulled, blunted, 
and careless. It literally looks without seeing. Why should we goad 
our architects to a perfection which would not be recognized? In so 
far as certain human faculties are specialized, in so far are the other 
faculties atrophied. The man of the sixteenth century, or any earlier 
century since the Egyptians, was much more equably organized than 
the man of the nineteenth century. He did everything better, 
because he did not do so many things thoroughly. As literature 
and books have come in to supplant pictures and sculpture as 
educational instruments ; as personal and private interests have come 
in to supplant public pride and civic patriotism,—so have the 
arts of form declined. ‘To teach people to see we must first teach 
them to look. Even this is difficult in our age of hurry and 
pre-occupation. But we may at least complete the literary educa- 
tion we have begun. It is our pride to belong to the first century 
which has ever made a scientific study and conquest of history. 
As we were growing up to that conquest of history in the last three 
centuries, we stopped by the way, in our enthusiasm for Rome and 
Greece and the Gothic communes, to imitate even their buildings. 
We have carried these studies farther and deeper, till, as historic stu- 
dents, we see that this imitation was an absurdity, a grotesque abortion 
of the original, an injustice to ourselves. ‘This is the present knowl- 
edge of the historic student ; let that too pass to the public which has 
learned so much of history already. And here comes in the fatal 
weakness of the mansion ‘‘ which is modeled after the chateau of 
Blois.’’ It does not, alas! represent an enthusiasm for the sixteenth 
century and Francis I. ‘That much at least in a corresponding sense 
did our earlier modern Roman and Greek and Gothic do, for the given 
time which was imitated. An honest enthusiasm for history at least 
was there. Not soat Asheville. Even the tradition of a tradition has 
paled, and man does what he did do—not even with the virtue of com- 
mitting a good, honest mistake. His predecessor wasa student of his- 
tory, who made the mistake of an enthusiasm for history. //¢ is living 
in a time when history is a science and not an enthusiasm ; Ae is not 
an enthusiast and not a historian ; and yet he is doing, or rather only 
pretending to do, what an enthusiast did decause he was a historian. 
Of all things on earth I am fondest of the opera bouffe. ‘That is why 
I like the nineteenth century which alone produced it. 

To come back then to our programme for practical improvement. 
To teach the public its errors of theory and conception is to do some- 
thing practical. When that is done, let the architects do the rest. It 
is their affair, not mine. 
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‘To the public and not to the architect I address myself in the follow- 
ing hints. You are beginning to travel and to admire historic buildings. 
Your next business is to find out w/y they are admirable. When you have 
found that out, you will never admire a copy—decause it is a copy ; 
and your reporter will never put in your newspaper that your mansion 
is modeled after the chateau of Blois, unless he wishes to hurt your 
feelings —which we know that he occasionally “ves wish to do. 

Consider the possibilities and proprieties of architecture according 
to location and destination. ‘The problem which interests an archi- 
tect is the problem of designing a building which can be seen on all 
sides, —where masses can be balanced and contrasted, and effects built 
up by masses. The problem of a facade fora pretentious city building, 
cooped up between other buildings, —a mere front,—is, properly speak- 
ing, no problem at all. ‘The best way to solve it is not to try. 

Architecture is not advertising. Do not advertise your bank or 
your insurance building by a pretentious facade; because every art 
work is a failure that tries to advertise. Every person of cultivated 
architectural taste is pleased by large expanses of masonry surface, and 
is willing to be satisfied with them. Hence our best city efforts are 
apt to be the armories and storage buildings, where common sense still 
calls for simplicity. Whatever ornamental treatment is given to the 
building material should in the first place develop the ideas of the nec- 
essary construction. Your main constructive lines in a business front 
are the lines of the stories and of the roof. Do not obscure these 
lines by so-called architecture. Lo not allow cornices as heavy as the 
roof cornice on the other stories of your building. If the building is a 
sky-scraper, do not be ashamed of it, but glory in it. The higher 
the building the better—and the higher it looks the better. No need 
to bind stories together and obliterate them by a ‘*‘ tasteful composi- 
tion’ because the building is high. 

City architecture, so far as it consists of dwelling houses, stores, 
warehouses, and other business buildings, in solid blocks, should rest 
satisfied with great simplicity. If our business men were content to 
let their buildings reflect their own business qualities and business 
character, the calling of the critic would disappear. All art is 
satisfactory as it corresponds with character—with utility. If a peo- 
ple is frivolous, ostentatious, and pretentious, its architecture will re- 
flect these traits ; but we know that business men do not reach success 
by anything but business qualities. Let them be as economical in 
exterior show as they are in paying their book-keepers and office-boys, 
and New York city would bea paradise for my feeling. Let them be 
as bold in their choice of a facade composition as they are in making 
a Wall street corner, and our architecture would rival the Egyptian. 
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Let the man of business avoid expensive pediments and broken cor- 
nice lines as he avoids a bad debt. One may be as expensive as the 
other. Both are bad debts. One may be forgotten, but the other 
is always staring us in the face. As far as 1am concerned, the sense of 
wasted money, and money wasted by men who are supposed to be ex- 
perts in keeping it, is what | get trom pretentious shop and bank 
facades. Our brokers and bankers and shop-keepers are not heroes ; 
they are not men of science ; sometimes they are not even statesmen ; 
but they are supposed to be men of business. Why, then, should their 
architecture not be business ? 

In this matter of stern and simple reticence in business buildings, 
Chicago is far superior to New York, and to Philadelphia. Possibly 
it was compulsion dating from the time of the fire. ‘The odd thing is 
that good architecture has always very largely been compulsion. ‘The 
architrave and frieze which we have borrowed from the Greeks and 
Romans and scattered in ornamental copy over the fronts of our build- 
ings was compulsion to the Egyptian, because he used in temples a 
flat stone roof which rested on one line of stone beams, and was faced 
in front by another. ‘The buttress and pointed arch were compulsion 
to the Gothic architect; his building would have tumbled down 
without them. When there is no more money to waste, and banks 
and insurance companies are run on a closer margin, | look for a great 
improvement in New York. 

These, then, are my views for cities about architecture in blocks of 
any kind. Stated briefly, they are ‘* Don’t have any’’—Punch’s 
advice to people about to get married: ‘‘ Don’t.’’ What the cultiva- 
ted eye is looking for is general effect. If we are to get any general 
effect in our crowded streets of buildings of unequal height and 
unequal width, it must be, first, by repose of surfaces; second, by 
abandoning the system of cornices devised for one point of view and 
seen from fifty; third, by shadow effects of doors and windows which 
are not tormented with projected canopies and pediments ; fourth, by 
the picturesque irregularity of one building as against another. ‘This 
irregularity can only be picturesque when there is some sort of 
correspondence in appearance between the front and the sides of a 
building. A more truly ludicrous spectacle is not to be seen in the 
world than our series of pretentious fagades with heavily projected 
cornices and moldings, as facing on the street and designed for front 
view—not worth much at that—and rearing a series of side walls 
which are politely considered outside the problem of the architect, 
because some other time some other fellow is going to cover them up. 
In heaven’s name, if so thoughtful of economy on the sides, give us a 
little of this economy in front. Street lines of medieval houses closely 
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packed are still to be seen in many European towns. ‘They are 
delightfully picturesque, simply because the irregular fronts are as un- 
pretentious as the irregular sides. 

No doubt our city block architecture, business or domestic, suffers 
from three causes—ostentation, advertising effort, and honest ignor- 
ance ; bad taste, that is, which might be improved by taste education. 
The ostentation and the advertising effort go back to traits of charac- 
ter and culture with which the art critic has no business to grapple, 
because they are wholly incurable. On the other hand, no expert can 
deny that we have witnessed in the last twenty years a magnificent 
improvement in the points on which [ take issue with city block 
architecture. The whole Queen Anne, Italian Gothic, and Roman- 
esque movement has really been a movement for plain masonry 
surface and the abandonment of projected detail. Oases of refinement 
can be picked out all over New York city in the architecture of the 
solid blocks, and I leave it to other critics to say if these oases are not 
generally marked by simple reticence, aside from those little traits of 
refinement in detail which, like the tone of the voice or the expression 
of the face, denote the person of culture. 

We will turn next to the problem of public buildings,—buildings 
which stand free and can be seen on all sides. It is conceded that 
our government buildings—municipal, State, or national—are, gener- 
ally speaking, our worst efforts. Americans are apt to be ‘* agin the 
government’’ and are always willing to laugh at themselves if the 
government is in fault. ‘This is possibly not an advantage. It does 
not favor improvement. It is pretty generally understood that many 
of our United States buildings have been designed by West Point 
officers, which is equal to saying that they are wholly out of touch 
with the new movement in architecture. It is in the matter of public 
buildings: that we begin to raise comparison with older architecture. 
The problems of our city block architecture are partly new, but the 
only way to solve them is not to try. ‘This is what the ancients and 
the Middle Ages did. When we come to public buildings, comparison 
with the past is inevitable. We will now say this general word on 
modern architecture. Its weakness is anxiety,—trying too hard. It is 
only supreme genius which can make an effort to conquer attention 
without suffering from the weakness of effect which goes with the 
sense of effort. Literature, the stage, and the art of the painter and 
sculptor all teach one lesson. Repose is always success, and it is 
always success because it always represents a sense of power. Lack of 
repose is shown in personal conduct by over-affability or by over-dress. 
The one general defect of all modern architecture is the anxiety to 
please (and, let us add, the anxiety to please the wrong people). 
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Much of our modern building makes the same impression on me 
which I receive from an over-dressed person. Now, repose is power, 
but it is power which may rise to a supreme effort, sure of success and 
therefore certain to achieve it. For that too conquers the attention, 
—that the artist knows he can succeed. ‘The brilliant beauty of the 
ballroom is never over-dressed ; but let the woman who does not 
realize her power, or who has none, wear the same dress, and the 
woman is over-dressed. Now, the force of character which means 
power in building, or elsewhere, means repose in general; but it also 
means supreme and triumphant effort. The streets of Athens were 
bare walls in the days which built the Parthenon. ‘The streets of 
Rouen were timber and plastered walls when its Gothic churches rose 
to power. Modern architecture shows by its pretentious street facades 
why it is not over-successful in public buildings. Character and pub- 
lic spirit are both wanting to us by contrast with older days. What 
absurdity to ask of an architect the character which we do not possess 
ourselves! None the less do the Pittsburgh court house, the Albany 
town hall, and the Hartford capitol, and many other buildings, show 
that we are not all or wholly weaklings in these later days. 

The one grand law of all public as of all private architecture is to 
begin by planning the interior. The exterior which corresponds to 
that interior is and must be right, if the interior meets the problems 
of its natural use. Once more I come back to my theme that it is 
the public, and not the architects, which needs education. As long as 
the public considers simplicity severe and prison-like ; as long as the 
public does not know good color in brick or good detail in stone ; 
as long as the public wants its mansion modeled after the chateau of 
Blois, —why worry the architect with articles in the magazines? [am 
sure [ should not do it if I had not been asked. 

We come at last to our most hopeful topic, —the country-house archi- 
tecture of America. Doubtless here, too, there is much over-striving and 
over-effort ; but no one can ride around the suburban places which 
surround our cities without feeling that an immense amount of refine- 
ment, of character, of individuality, of artistic taste, and of honest 
hard work has gone into American architecture in the last twenty- 
five years. Is this partly because the decorative art movement has had 
fuller sway here? I think so. Whatever be the causes, the fact is 
there,—-that American country-house architecture leads the world and 
claims the first place (according to my view) in all modern architec- 
ture. 

Among the causes we may suggest the following: the absence of 
the business advertising idea; the absence (generally speaking) of the 
ostentatious element ; the influence of feminine good taste; the nec- 
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essary exercise of individual discrimination in the matter of plans 
and arrangement ; the necessary reflex in the variety of lines, masses, 
and shadows of the exterior; the fact that the architect cav design an 
exterior, and does not have to design a mere front. If | were to add 
acrowning cause of the success, I should consider it to lie in the ab- 
sence of that soul-crippling theory of historic styles which has ruined 
our city architecture ; for who does not know that ** Queen Anne ”’ and 
**Colonial’’ are convenient tibs of the architect who is called on to 
name the **style’’ supposed to be chosen for the country house. 

A last word as to principles of taste in architecture. In dress, in 
utensils, in furniture, and in buildings, we only recognize one law tor 
ornament,—viz., emphasis on the tacts which ought to be emphasized. 
Points of support and of pressure, joints and connections, seams, bor- 
ders, outlines, terminal points and terminal lines—these are the things 
to be brought out by ornamental detail. Construction may be exhib- 
ited frankly, or the interior facts may be brought out by exterior sug- 
gestion. Compare the treatment of the lines of the stories on the 
Florentine Strozzi palace, wh ch suggest the tacts regarding the main in- 
terior stories, although these lines are not in construction connected with 
them. ‘That form is pleasing to good taste which shows and reveals its 
use. That form reveals the use most successfully whose surface and out- 
lines, and whose skeleton or frame, speak for themselves, and are not 
obscured by misplaced ornament. In dwelling on the power of sur- 
faces we must not forget the power of shadows and of their contrast 
with surfaces. Given the knowledge and practice of these elementary 
principles, much lies in genius, in artistic temperament, even in oc- 
casional caprice ; but these are the dressing of the salad, not its body 
or solid contents. 

| have said in the conclusion of my last paper that the architect of 
the future is an engineer. Every engineer isan architect now. When 
every architect is an engineer,—that is to say, a designer of construc- 
tion who is not ashamed of his construction,—the problem of modern 
architecture will have been solved, and the architectural critic will be 
as useless as training schools for artists would have been in the time of 
Phidias, or lectures on historic ornament in the cities of the Byzantine 
empire. 
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ARCHITECTURE & BUILDING 


Great Railway Stations of London. 

LONDON railway stations are treated 
wholly from an architectural standpoint in 
The Architect (London, Nov. 2) in the 
first number of a series of articles upon 
the subject. These huge structures which 
form termini to the great English trunk 
lines have an architectural interest aside 
from their special characteristics, arising 
from the fact that important railway sta- 
tions have often been made the subject of 
prize competitions for students of English 
architectural societies, and at the Royal 
Academy. “Some of the conceptions 
elicited, have been awarded medals, and 
were really excellent. Notwithstanding 
this encouragement to design of a high or- 
der in railway stations, their results appear 
to have been very meager, so far as the 
attainment of general architectural excel- 
lence in this class of structures is con- 
cerned. 

“In London of recent years, with the 
rare exception of the Midland Railway 
terminus at St. Pancras, and quite lately 
with the extension of the Great Eastern 
terminus, the directors, in the assumed in- 
terest of the shareholders, have generally 
insisted on cutting down the architectural 
part of these overgrown ‘sheds’ while 
money has been freely expended on other 
parts of the building where it was sup- 
posed the outlay would ‘pay.’ At the 
same time, in the early part of railway 
enterprise, it must not be forgotten how 
far otherwise it was, as at Euston, in the 
great entrance carriage portico, and in the 
central hall also at Paddington, and to 
some extent at King’s Cross. On the Con- 
tinent the principal fagade and general 
exterior of the principal stations in cities 
and towns has had the distinct advantage 
of being the work of an architect; at any 
rate the engineer has been materially 
helped in the art part by the former. The 
enormous hotels, which in several of the 
London termini entirely mask the railway 
station behind, are not socommonly found 


abroad in this situation, so that the out- 
ward suggestion of the internal arrange- 
ment is more often patent, which certainly 
is an advantage.” 

These points of arrival and departure 
are among “the more important factors of 
national life.” The large majority of the 
p»pulation constantly resort to them for 
business or pleasure, and being legally 
public resorts for orderly people, it would 
seem that here, if anywhere, a reason for 
good architectural design exists, and that 
an opportunity for its-exercise should be 
afforded. 

The Great Western terminus at Pad- 
dington has no architectural pretensions. 
Both its site and its design combine to de- 
feat any such intent, if the latter ever 
existed. It stands on low ground, and 
like most of the other large London sta- 
tions “one or at most two of its sides are 
visible to the general public.” The inte- 
riors have therefore more architectural in- 
terest than the exteriors. In describing 
the ground plans the terms commonly ap- 
plied to ecclesiastical architecture have 
have been adopted for convenience. 

“In the case of this building, the plan 
consists of a wide nave and narrow aisles, 
having span roofs and two transept-like 
roofsinthetotal length. As the north and 
south ends of the transept ends are flush 
with the sides of the aisles, the term must 
be taken in rather a Pickwickian sense. 
Thereseemsno particular object beyond ap- 
pearance in this arrangement, which must 
be more expensive constructionally than 
running the nave and aisles east to west 
continuously, like the ordinary plan of 
Gothic churches. But the writer has often 
admired its effectiveness and the very strik- 
ing look of the great diagonal ribs at the 
junction of the several roofs. Though the 
nave or central roof is considerably wider 
than the aisles, the roof construction is 
the same, being that of a series of arched 
flanged iron trusses (without any tie-rods) 
set not far apart, the principals being 


697 


| 
| 
I 
| 
' 
\ 
| 


698 REVIEW OF THE INDUSTRIAL PRESS. 


occasionally perforated by quartrefoils and 
other geometrical forms, and only pan- 
elled near the springing-line with orna- 
ment of a semi-Gothic, semi- Moorish char- 
acter. The upper part of the roof is glazed 
on that useful plan, the ridge-and- furrow 
construction. The late Owen Jones was 
wisely consulted by the promoters in its 
decorative features, and though one of the 
earliest built, it still well passes muster as 
compared with later examples of the Lon- 
don terminus.” 

What is styled “the more modern idea,” 
has been “ fostered by the ambition of rail- 
way directors, and arose from the enterprise 
of civil engineers.” This idea is “to roof 
all in one span.” This has introduced 
“unnecessary difficulties such as would not 
have occurred had more subdivisions of 
the width been adopted. The idea of in- 
closing all under one by roof was a pretty 
one, but in practice it will be found that 
the placing of intermediate supports neces- 
sitated by severalspans causes no incon- 
venience, as is evident on inspecting some 
of the large London stations. Possibly 
smoke and steam hang less about the large 
one-span roofs than in the subdivided ones. 
On the other hand there is the disadvant- 
age that in the former type the size of the 
huge roof destroys the scale of everything 
near and beneath it. 

“The terminus of the Great Northern 
railway at King’s Cross certainly has noth- 
ing whatever meretricious in the design 
of its fagade, which is honest and plain 
enough in all truth, built substantially of 
stock brick without any other material be- 
ing used. There is the clock turret in the 
center, of campanile-like character, and 
what some ultrapurists would call that 
dreadful ‘sham,’ for all else is mere front. 
But in this case everything is transparent, 
for any one can peep through the big 
arched glass panels at the south side of 
the station and see the horizontal cornice 
sailing serenely above, regardless of what 
is obviously beneath and behind. Who is 
the worse for this? Who is deceived, 
speaking artistically? Nobody of course. 
Though treated in a rather crude way, this 
fagade is a good example of that gentle 
veiling of what in all likelihood would 


have been an ugly termination, consider- 
ing the ordinary section of a station roof. 
Those two arches of great width at the 
front of this two-aisled terminus, with 
their several brick rings and orders, were 
considered a marvel when built, and even 
now arrest the attention of those who use 
their eyes. The writer is of decided opin- 
ion that in these immense stations, with 
the large-spanned roofs of the customary 
type, it is better to make the ends as done 
here, or by a hotel or other buildings, so 
as to effectually stop the big unmanageable 
shed end.” 
The Granite City. 

SCOTCH granite is noted the world over 
for its enduring qualities and its beautiful 
texture. Very few stones suitable for 
building or for monuments take a more 
elegant polish or present a finer appear- 
ance when polished. Its weathering qual- 
ity is so much superior to that of marble 
that it has very largely replaced the latter 
in American cemeteries, and very fine 
effects in modern architecture have been 
obtained by the use of this material. The 
city of Aberdeen, in Scotland, is the cen- 
ter of the Scotch granite trade, and it is 
practically a city of granite. Stone, which 
gives in its November number an illus- 
trated description of the “ Granite City,” 
as it is called, and of the trade in granite, 
its chief commerce, says it is “one of the 
best built cities in the wide world.” “ Its 
principal street (Union) is a thoroughfare 
of which any great capital might be 
proud.” However, in the mists and storms 
which frequently visit that part of Scot- 
land, “a city built of gray granite and 
roofed with black slate is not enchanting.” 
Seen under aspects of sunshine, or moon- 
light, the city would probably present a 
less somber appearance. 

The granite of which the city is built 
is obtained from the celebrated Kenmay 
quarries, which lie about seventy miles 
distant. “ The largest of these quarries is 
300 feet in depth and is worked by means 
of a gigantic crane and a ‘blondin,’” the 
latter being a wire rope stretched over a 
quarry at an incline. On this is run an 
attachment which can be placed in any 


i 
! 
| 
| 
ee 


ARCHITECTURE AND BUILDING. 699 


position, underneath the rope, or it can be 
lowered into the quarry below. The stone 
obtained from this quarry is gray, flecked 
with light brown. 

Other quarries are the Dancing Cairns 
—stone a light blue or grayish tint, the 
Rubislaw, whose product is grayish blue 
in color and very fine grained, the Peter- 
head, forty-four miles from Aberdeen, pro- 
ducing red granite of extremely fine qual- 
ity, the Hill O' Fare, yielding dark red 
fine grained stone, and the Corrennie, 
whose output is of pale salmon color, 
much esteemed in some quarters, and 
stated to be always in good demand. 

* Every stone mason in Aberdeen is”a 
granite-cutter. Needs must be when gran- 
ite is the one material out of,which all 
masonry isworked. As aconsequence the 
firms who cut to polish have the pick of 
some 3000 men, of whom theycan give 
employment to about one-half. The re- 
mainder are engaged in various building 
operations. About 600 men are engaged 
as polishers. The masons are at present 
paid 6'%d. per hour in the yards. They 
get 714d. outside, but prefer constant occu- 
pation under cover at the lower wage to 
precarious employment liable to weather 
interruption outside. The polishers are 
paid from 4%d. to 5d per hour. 

“Byarule of the Stone Masons’ Union 
no firm is allowed to employ a greater 
number of apprentices than it has masons 
engaged.” 

Of late years trade with America has de- 
veloped fast. Theexports have valued thus; 


7,000 


At present all agree that the trade is im- 
proved. The lowest price ever reached 
was in the early part of 1894. 


Gypsum as a Fire-proof Material. 

A NEW system of fire-proofing has re- 
cently been devised in England, and it ap- 
pears to possess merit. This system is 
described with a discussion of gypsum asa 
fire-proof material in /ilustrated Car- 
penter and Builder (London, Nov. 2), with 
illustrations herewith reproduced. 

Notwithstanding the extensive use, and 


general good qualities of gypsum asa fire- 
proof material, it has one marked defect, 
namely, that when used in large masses its 
expansibility is so great as sometimes to 
cause serious injury to buildings in which 
it is employed. 

“The conductivity of gypsum is one- 
fourth only of slate, and less than one-half 
of fire bricks, the relative conducting power 
of the three materials cited being as 1000 
for slate to 620 for fire-brick and 250 for 
gypsum. In Nottingham and Paris, and 
other Sypeum- districts where that 
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material is used, destruction of buildings 
by fire is practically unknown. Gypsum 
was the only material found capable of 
withstanding the fierce fires in Paris dur- 
ing the Communistic outbreak—fires 
which were unparalleled in intensity. Mr. 
R. W. Edis, F. S. A., who was in Paris at 
the time, and made a minute examination 
of the ruins, reported to the Congress of 
British Architects in 1872 that generally 
throughout all the buildings it was evident 
that good plaster work, either in walls or 
ceilings, invariably protected and saved in 
a great measure materials it covered, and 
in many cases, while externally the lime- 
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stone walls had been broken about and 
calcined by the fire, internally, where plas- 
tered, they had suffered comparatively 
little. Evidence of this kind is beyond 
dispute. M. Louvier, architect, of Lyons, 
tested the fire resisting properties of gyp- 
sum. A rolled iron joist was placed under 
a slab of gypsum, and kept at a welding 
heat by means of a portable forge for more 
than half an hour without any more than 
the outer crust being affected, while the 
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strength of the material was not injured. 
Moreover the results of this experiment 
were abundantly confirmed by the fact that 
in some works at Lyons, destroyed by a 
fire which melted the engines, all the walls 
that had been constructed of gypsum re- 
mained intact, the same being the case at 
the burnt-down Théatre des Celestius, 
Lyons. At the Health Exhibition Confer- 
ence it was properly pointed out that in 
fire-resisting floors large iron girders, 
where necessary owing tothe span, should 
be cased in, to shield them from the direct 
action of the fire. But a very necessary 
precaution is to leave the ends of the gird- 
ers loose on their bearings and with a cav- 
ity at the back, because, though the fire 
does not directly attack the iron girders, it 
heats them, causing expansion and if bound 
at the ends they would thrust out the 
walls,” 

Experiments were made to determine 
whether tiles with cavities or hollows 
should run parallel or at right angles with 


the supporting joists, and it was found that 
the tiles with cavities at right angles to 
the supporting joists were nearly three 
times stronger than those with cavities 
parallel to the supporting joists. A test of 
the arches by heating, sudden cooling, and 
by dropping a heavy block of wood on 
them proved a like relative superiority. 

Professor John Goodman, in a lecture 
given by him at the Yorkshire College, 
Leeds, on “Fire Prevention,” stated that 
in his experience so far as concrete is con- 
cerned, there is no doubt that it is practi- 
cally fire-proof ; “ but in conjunction with 
iron, as generally used, it is to be con- 
demned, from the simple fact that iron, 
from want of proper protection, expands 
rapidly under the influence of heat, and 
consequently disturbs and breaks the rigid 
concrete, causing it to fal in large masses.” 

The cuts show the method of fire-proof- 
ing girders, columns and floors,and are self- 
explanatory. They show that lightness, 
strength, and ventilation are all provided 
for. 


Machinery in Building. 

THE remarkable extent to which ma- 
chinery has superseded hand labor in 
modern times finds no exception in the 
art of building. In this art it has become 
a constant aid not only in the prepara- 
tion of materials, but in the preparation 
of sites for building, and in the actual 
erection of structures stones are sawn and 
dressed by machinery. Bricks are made 
by machines. Machine-drilling for blast- 
ing has everywhere supplanted hand-drill- 
ing. Piles for foundations are driven by 
steam pile-drivers, and the prepared ma- 
terials are hoisted by steam instead of 
being lifted by hand windlasses, or carried 
up tedious and wearying ladders on the 
backs or shoulders of men. 

But it is in the preparation of timber, 
the dressing of lumber, and the manufac- 
ture of doors, sashes, window-casings, 
moldings, that machinery has ef- 
fected the greatest revolution in the art of 
building. Sixty years agoall, or nearly all, 
this work was done by carpenters with hand 
tools from lumber, which, except seasoning, 
was just asitcame fromthe sawmill, Even 
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shingles were hand made. Now shingles, 
when used at all, are almost universally 
made by machinery. Flooring is supplied 
from the mills planed and matched, all 
ready for laying. Machine made doors, 
window-casings, door-casings, sashes, 
blinds, wainscoting, base-boards, and 
moldings, leave little for a carpenter to 
do to fit them to their places. 

The Illustrated Carpenter and Builder 
(London, Oct. 5) discusses the proper ma- 
chinery outfit for a general builder's busi- 
ness of moderate extent. The question 
of kinds and capacities is considered on 
the basis of forty men employed. 

“The following engineering plants 
should meet the requirements, and be 
well and profitably employed: An engine 
of not less than 8 horse-power; a circular 
saw or joiner’s bench, to carry a 36-inch cir- 
cular saw, arranged with a rising and fall- 
ing spindle and tenoning and boring ap- 
paratus; a vertical spindle molding and 
shaping machine ; a hand-power mortising 
machine; and a mortar mill, with suitable 
shafting; in all of the value of about 
$2000, With this plant a very consider- 
able amount of work can be turned out. 
If the engine is to be fixed permanently, 
the horizontal type, with a Cornish or 
Galloway boiler, is to be preferred ; if it 
has to be moved from place to place the 
ordinary portable engine on wheels is the 
best form. In this latter case the engine 
should have light hoisting gear attached, 
as on a contract of moderate extent this 
will dispense with the services of several 
laborers. With the saw bench deals and 
boards up to 12-inch deep can be con- 
verted and cross cut for door stuff, etc.; 
and all kinds of flatting and deepening, 
plain or feather-edged boards, matched 
boards, skirtings, scantlings, etc., can be 
readily turned out. After the wood has 
been sawn, it can be tenoned, grooved, 
tongued, rebated, or bored, as desired, and 
without the aid of very skilful labor.” 

One of the most useful machines ina 
builder’s business is a vertical spindle 
molding and shaping machine by which 
straight or curved moldings and circu- 
lar headed or straight sashes may be 
worked. “On such a machine planing, 


thicknessing, rebating, shaping and stop- 
chamfering can be perfectly performed. 

“Old pieces of wood may be converted 
into moldings or otherwise ; door rails and 
similar light work may be planed or thick- 
nessed. It will work as well in oak and 
hard woods as in pine or the softer woods. 
Gothic for church decorations, pew backs, 
and other moldings may’ be shaped and 
molded with facility; and if the cutter 
spindle is arranged to angle, difficult under- 
cut moldings may be produced at anim- 
mense saving over hand labor. In fact, 
this machine properly constructed and 
worked may be pronounced one of the 
most valuable of all wood-working ma- 
chines. The operations of the mortising 
machine and mortar mill are too well 
known to need notice.” 

In establishments, however, where ma- 
chines for wood-working are used without 
system, much valuable time is lost. Tools 
are often out of order, which entails not 
only loss of time but inferior work. In 
such establishments machines fail to be so 
profitable as in other shops where order 
and system prevails. To be profitable each 
machine should be under the care of one 
man whose duty it is to keep it in perfect 
working order, and as far as possible to 
operate it himself when work requiring its 
use presents itself. Duplicate cutter- heads 
will aid in keeping the machines in order. 
The cutters should be of best quality. Great 
care in sharpening should be taken to 
preserve the profile of molding cutters. 

It is estimated that an outlay of about 
$2000 would purchase such an outfit as de- 
scribed, and that, say in a job of building 
six ordinary houses it would, at a cost of 
about $60 per week, replace the services 
of fifteen men. It is also suggested that 
when an estate of some extent has to be 
built over, it would pay a builder wellto 
hire or purchase a brick machine and 
make his own bricks. In selecting a brick 
machine, it is best to have sample bricks 
made by different machines out of samples 
of the clay intended to be used, which will 
help in determining which of those in 
market is best adapted to working that 
particular clay. 

As to stone working, in the execution of 
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large contracts it might be also profitable 
for builders to use machinery for it. Port- 
land, Bath, York, and all freestones and 
sandstones, can now be sawn, planed, or 
molded by machinery with facility, the 
work being so well done as_ not to require 
subsequent finishing. Even some of the 
limestones can be thus worked. Sills, 
heads, string-courses, steps and either 
plain or molded copings can be produced 
by machinery much cheaper than by hand 
labor. Even the harder stones used for 
flagging, etc., can be surfaced much more 
cheaply and accurately than by hand work. 


Education of Building Trades Workmen. 


THE address of Mr. E. W. Montford, 
president of the Architectural Association, 
as reported in Zhe Architect (London, 
Nov. 2) contains remarks concerning the 
better education of workmen in the build- 
ing trades which are of more than ordinary 
interest; and in general the address is 
somewhat above the usual standard of 
such discourses. Of the scheme for edu- 
cation of workmen originated by Mr. 
Owen Fleming, a hopeful view is taken. 

“Our communications on the subject 
with the various city companies, the trades 
unions and other bodies have received 
general approval, and with your consent 
a preliminary conference will shortly be 
held, at which all the above mentioned 
bodies will be represented. When the 
subject was first broached the paper Zoz- 
don was good enough to criticise our 
action with a good deal of disfavor, but as 
it was evident that it entirely misunder- 
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stood our intentions, no one troubled to 
reply. They seemed to think that it was 
an endeavor upon the part of architects, 
whom they were good enough to call a 
‘most notoriously ill-educated profession ,’ 
to patronize the workmen, and advised us 
to look to ourselves first. Well, no one 
can say that the Association has neglected 
the education of architects. That has 
been our great object for over fifty years, 
and fora good many years past we have 
been fairly successful. Our system is not 
yet perfect, and probably never will be, 
but it is as good as we know how to make 
it for the present, and we shall endeavor 
to improve it still more as time goes on. 
So having done our best for ourselves, we 
naturally desired to help the workmen 
with whose coUperation we are beautify- 
ing more or less, according to our abili- 
ties, the face of Great Britain. We have 
no desire to patronize them (why should 
we ?), but merely to treat them as fellow- 
workmen with a common object. In help- 
ing them we are helping ourselves, for 
beautiful workmanship may go far to re- 
deem a bad design, while a good design 
may suffer immensely from bad workman- 
ship. The architect is the chief work- 
man, but absolute success in any building 
can only be obtained by every workman 
of every trade employed upon it doing 
his very best, and uniting in a common 
effort to make the building in all its parts 
perfectly beautiful and perfectly strong. 
Itisin this spirit that we are approaching 
the conference, and if, as I believe, the 
other workmen understand this, we may 
hope to produce some beneficial results.” 
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Van Brunt (I A-Nov.) 2700 w. 

26893. High Buildings and Good Architec- 
ture. Thomas Hastings (A A-Nov. 17.) 
2000 w. 

26894. Professional Ethics. John A. Fox 
(A A-Nov. 17 ) 1000 w. 

268y5. Notes on the Early Christian Monu- 
ments of Cornwall. Arthur G, Langdon (A A- 
Nov. 17.) 2700 w. 

26902. Test of Terra-Cotta Floor Arches in 
Rochester, N. Y. Ill. (E R-Nov. 17.) 1000 w. 

*26957. Address of F. C. Penrose before the 
Royal L[nstitute of British Architects (B-Nov. 
Iv.) 10000 w. 

*26966. Bending Timber. J.C. B. (IC B- 
Nov. g ) 700 w. 

*26970. Hammerbeam Roofs, Ill. (I C B- 
Nov. 9.) 1600 w. 

27037. Evolution of American Architecture. 
J. W. Yost (A & B-Nov. 24.) 4500 w. 

27057. The Vicar’s Close at Wells. Ill. (A 
A-Nov 24.) 4400 w. 

27068 Steel and Cast Iron in Buildings (I T 
R-Nov, 22 ) 700 w, 

*27074. The Deposit of Priced Quantities. 
(Abstract.) John Holden (B A-Nov. 16.) 
1400 Ww 

*27078. Old and New Buildings in Edin- 
burgh (I C B-Nov. 16.) 2200 w. 

*27083. Convention vs. Invention (I C B- 
Nov. 16 ) 2000 w. 

*27114. Strength of Arched Iron Ribs, III. 
(B-Nov. 17.) 600 w. 

*27115. The Study of Modern Architecture. 
A Beresford Pite, with Discussion (B—Nov. 17.) 
10500 w. 

27141. The Reliance Building, Chicago. IIl. 
(Sc A S-Dec 1.) 2800 w. 

427234. Straightening a Leaning Chimney 
100 Feet High. Ill. Joseph C. Platt (ASM 
E-Dec.) 1200 w. 

27274. Modern Construction of Floors and 
Partitions in Commercial Stables. Ill. H. J. 
Campbell (E R-Dec. 1.) 2000 w. 

27302. Modern Style Founded on Ancient 
Greek Architecture. Russell Sturgis (A & B- 
Dec. I.) 3500 w. 

*27303. The Endurance of Structural Metal 
Work. C. H. Blackall (B B-Nov.) 3000 w. 

*27328. Architecture in Newcastle. (Ab- 
stract.) J. Oswald (B A-Nov. 23.) 1200 w. 


*27351. The Architecture of China. Fred- 


erick M. Gratton, with Discussion (B-Nov. 24 ) 


500 w. 

27360. Building Estimates. Charles C. Wil- 
son (l-Dec. 1.) 2000 w. 

*27368. Efflorescence on Walls (1 C B-Nov. 
23.) 600 w. 

27397. Steel Foundations of Tall Office 
Buildings. Ill. (Sc A-Dec. 8.) 1100 w. 

27399. The Plaster Center Piece Industry. 
lll. (Se A-Dec. 8 ) 800 w. 

27418. Failure of a Building at Montreal, 
Canada (E N-Dec. 6.) 700 w. 


Serials. 


2285. Construction. M. Viollet-le-Duc (A 
A-Began Feb. 1892—25 parts to date—I5 cts. 
each). 

12568. Building Construction and Superin- 
tendence. F. E. Kidder (A & B-Began May 6, 
1893—36 parts to date—I5 cts. each). 

19078. Problems in Stone Cutting. Ill. Ed. 
W. Hind (S-Began Jan.—g parts to date—3o 
cts. each). 

19218. Manhattan Life Insurance Building. 
Ill. (E R-Began Jan. 20—5 parts to date—15 
cts. each). 

19713. Brickand Marble in the Middle Ages. 
Ill. G. Edmund Street (B B-Began Jan.—1I 
parts to date—3o cts. each). 

20419. Modern Methods of House Painting. 
A. Ashmun Kelly (Pl D-Began March—g parts 
to date—30 cts. each), 

21736. The Art of Building Among the 
Romans. Ill. Auguste Choisy. Translated 
by Arthur J. Dillon (B B-Began April—7 parts 
to date—30 cts. each). 

25177. Colonial Architecture in Western 
Massachusetts. Ill. George C, Gardner (A A- 
Began Sept. 15—2 parts to date—15 cts. each). 

25943. The Pernicious Practice in Selecting 
Competitive Plans. A. Mc C. Nixon (S A-Be- 
gan Oct.—Ended Nov.—2 parts—30 cts. each). 

26069. Modern Steel Fireproof Construction. 
Ill T.M. Small (A & B-Began Oct. 13—2 
parts to date—1i5 cts. each). 

26070. The Planning and Construction of 
American Theatres. William HH. Birkmire (A 
& B-Began Oct. 13—2 parts to date—I5 cts. 
each). 

26135. Artificial Foliage in Architecture. 
Ill. ugh Stannus (J S A-Began Oct. 12—5 
parts to date—30 cts. each). 

26838. Notes on the Great Railway Stations 
of London (A L-Began Nov. 2—1 part to date 
—30 cts). 

26967. Stained Glass and Fret Lead Win- 
dows, etc. W. J. Eden Crane (I C B-Began 
Nov. 9—1 part to date—30 cts). 

26971. An American Passenger Station—St. 
Louis ({ C B-Began Nov g—Ended Nov. 16— 
2 parts—30 cts each). 

27036. ‘The Basilica and Its Adaptation to 
Modern City Churches. Ill. George Ashdown 
Audsley (A & B-Began Nov. 24—1 part to date 
—I5 cts). 

27297. Strains in Compound Framed Struc- 
tures. Francis Schumann (A A-Began Dec. 1 
—I part to date—1I5 cts). 

27369 Foundations in Deep and Unreliable 
Soils. J. Nelson (If C B-Began Nov. 23—1 
part to date—30 cts). 


We supply copies of these articles. See introductory. 


bie 

f 

| 
| 
i 

| 

if 

i 

if 
it 

} 

is 
} 

— 
— 
if 


CIVIL ENGINEERING 


For additional Civil Engineering, see ** Railroading” and Municipal Engineering.” 


Maximum Practical Length for Suspen- 
sion Bridges. 

A FIRST installment of the report of 
the board of officers of the Corps of En- 
gineers, U.S. A., directed by the Secretary 
of War to investigate certain bridges with 
a view to place in the possession of the 
department such information as is needed 
for the proper determination of questions 
relating to erection of bridges over navi- 
gable streams, is printed in Eugzneertng 
News (Nov. 22). That journal justly pro- 
nounces the report “ one of the most inter- 
esting and instructive of engineering 
documents.” In its preparation most of 
the famous bridges in the world have been 
considered with reference to features ap- 
plicable to special conditions that must be 
considered in the construction of particu- 
lar bridges. 

So many topics have thus been treated, 
that our purpose will be best subserved 
by selecting one of the most important as 
a sample of the thoroughness with which 
the ground has been gone over. Without 
doubt the topic of prime importance, as 
related to the question of practicable spans, 
is the strength of materials; though loads, 
foundation, wind pressure, oscillation and 
bracing, each formed a subject of special 
investigation, as directed by Gen. Casey, 
Chief of Engineers, to whom the report is 
made. 

“ The wire employed in the cables of the 
New York and Brooklyn bridge (the 
largest cables yet made) had a tensile 
strength of 170,000 pounds per square 
inch, and the cables were originally de- 
signed to contain each 6188 wires of No, 7 
B. W. G.; but as some heavier wires were 
introduced during construction, the actual 
number of wires was only 5400.” These 


cables have a diameter of 15.578 inches. 
The cables of the Cincinnati suspension 
bridge are 12 inches in diameter and con- 
tain each 5200 wires. 

In the construction of the New York and 
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Brooklyn bridge cables it is believed the 
practical limit of the number of wires that 
can be used in a cable was very nearly at- 
tained. This limit is imposed by the im- 
possibility of securing in a _ materially 
larger number of wires an equal tension for 
each of the wires in the cable. The ten- 
sile strength of wire at present obtainable 
within feasible limits of cost is 180,000 
pounds per square inch. 

“ The total cable strength available for 
the support of the bridge depends upon the 
number of cables which can be practi- 
cally combined as a single cable system on 
one side of the bridge. If many cables 
are employed it becomes difficult to dis- 
tribute the strains among them so that 
each shall carry its proportionate load 
under the varying conditions of tempera- 
ture and traffic. It is not easy to decide 
what is the practical limit of the num- 
ber of cables to be assembled together. 
Where parallel wire cables are used, they 
must be sufficiently separated horizontally 
and vertically to give room for the opera- 
tion of the wire wrapping machine, and 
this requires intervals of at least 3 feet 
during construction,” 

Multiplying the number of cables intro- 
duces another set of difficulties. If a lat- 
eral arrangement of the cables on the 
saddles be adopted, “the cradling of the 
cables in converging planes (which is de- 
sirable for lateral stability) requires con- 
siderable intervals between the saddles.” 
If the cables are arranged in one or more 
vertical planes, they must be “held the 
same distance apart throughout their 
length by suspender clamps, in which case 
the saddles on the towers would be closer 
together. Still the number of cables 
suspended on each side cannot be made 
very large without increasing the dimen- 
sions of the towers and the piers supporting 
them far beyond the requirements of the 
roadway and the suspended loads.”’ 

A vertical arrangement of the cables (or 
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a combination of vertical arrangements) is 
regarded as presenting special advantages, 
requiring less width at the top of the tow- 
ers, and affording opportunity to stiffen 
the bridge by a system of trusses. 

“ Whatever arrangement is adopted, the 
Board are of the opinion that it would not 
be found convenient to work more than 
eight cables together as one cable system. 
For the purpose of this investigation it is 
therefore assumed that the suspension 
bridge of maximum span is supported by 
16 21-inch cables.” 

In the course of the argument a com- 
parison is made of the strength of wire ca- 
bles, as compared with chains, and the 
superiority of the former is indicated. 
“Steel in the form of wire has a minimum 
strength more than double its maximum 
strength in the form of bars suitable for the 
construction of a suspension chain. A link 
chain will therefore weigh about 24% times 
as much as a wire cable of equal carrying 
capacity.” 

The first installment of the report cov- 
ers the topics of strength of materials, 
loads, oscillations, including wind press- 
ures, from which in suspension bridges 
oscillations are set up, and the final answer 
to the question of maximum span is de- 
ferred till other topics bearing upon it are 
discussed. These, having been exhaus- 
tively considered in installments printed 
Nov. 29th and Dec. 6th, supply accurate 
data for use in the formulz employed in 
an elaborate mathematical computation, 
which gives the result of 4335 feet as the 
maximum span of a suspension bridge. 


The Canal Des Deux Mers. 

ON the map herewith presented the pres- 
ent marine route fromthe English Channel 
skirting the Bay of Biscay and the coast of 
Spain, and thence through the Mediter- 
ranean sea, to the Suez canal, is shown by 
a full line, and the shorter route via the 
proposed ship-canal Deux Mers”’ is 
indicated by dotted line. It will be seen 
that the distance via the canal, indicated 
by the heavy black line, is not very much 
more than one-third that of the present 
route. 

The line of the canal itself cuts across 


the neck of land which joins the great 
Spanish peninsula to the main land, and 
connects Bordeaux and Narbonne. 

This map, and particulars relating to the 
projected canal are given inthe Engéneer 
(London, Nov. 9), which regards the pro- 
ject asimpracticable. However it has been 
vigorously urged upon the French govern- 
ment,the pressure having at last become 
so great that a third commission has been 
appointed to examine the scheme and re- 
port upon its feasibility. 

The project has for a long time been 
favored, particularly in the south of France, 
for the following reasons. Were a ship- 
canal constructed on the line proposed, 
vessels could pass freely between the north- 
ern Atlantic and the Mediterranean with- 
out going around Spain ; the French naval 
squadron could be united without passing 
under British guns at Gibraltar, and as 
this is regarded as being a blow at English 
marine supremacy that would go far 
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Line of the French Canal des deux Mers 


toward wresting from her the title of 
“Mistress of the Sea,’ Frenchmen are 
strongly influenced by such a considera- 
tion. Doubtless, also, were the canal to be 
constructed, certain commercial advan- 
tages would accrue to districts near it; 
and taking these considerations all to- 
gether, the fascination with which the 
proposal is regarded by the French people 
is easily accounted for. 

There is now the Languedoc canal con- 
necting the Bay of Biscay with the Gulf 
of Lyons by which barges drawing 4% 
feet of water can pass, and this fact is used 
as an argument for the practicability of a 
ship-canal. The traffic of the Languedoc 
canal, however is not important. 

“Its construction, considering the time 
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when the works were carried out, consti- 
tutes one of the most remarkable engineer- 
ing feats that have ever been accomplished. 
The scheme for constructing this canal 
was originated by Pierre Paul Riquet, who 
at the time he took up the project was a 
tax gatherer in the employ of the govern- 
ment, and the possessor of a small property 
in the neighborhood. Though by occupa- 
tion only an exciseman, he taught himself 
sufficient mathematics, leveling, and sur- 
veying to enable him to lay out the line of 
the proposed canal, and of practical engi- 
neering to enable him afterwards to carry 
out the work. Having traversed the line 
of the canal several times on foot, examined 
all the sources of water supply ; and had 
models made of the proposed locks and 
other works, in the year 1662, about a 
hundred years before Brindley began the 
Bridgewater canal, he laid the plans before 
Colbert, the controller-general of France» 
who wasthen actively engaged in endeavor- 
ing to open up new sources of wealth for 
his country. By order of King Louis XIV 
a commission was appointed to inquire 
into the scheme. After two months’ in- 
vestigation the commissioners reported it 
as practicable and a concession was 
given to Riquet to carry out the works. 
For the purpose of raising the money 
Riquet was granted the sole farming of 
the taxes in the provinces through which 
the canal would pass. This source of 
money however, proved utterly inadequate, 
and the scheme was hampered throughout 
the whole period of its construction by 
want of funds. However, Riquet with in- 
domitable perseverance, overcame this and 
the other difficulties with which he had to 
contend, and the canal, which was com- 
menced in 1666, was, after fifteen years 
labor, opened in 1681, six months after 
Riquet’s death, and after the loss of all his 
property.” 

In 1880,a project for constructing a ship- 
canal with termini at Bordeaux and Nar- 
bonne, was brought forward. This scheme 
comprised a summit level of 525 feet, and 
sixty-one locks. Its estimated cost was 
above $106,000,000. A commission ap- 


pointed, reviewing this estimate, reported 
it as much too small; the board of admi- 
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ralty viewed the matter adversely on 
account of the difficulties of navigation 
and risks of accident, and a separate com- 
mission, considering the financial prospects 
as a question apart from the others, re- 
garded them as hopeless. Thus the pro- 
ject was negatived on all sides, but it 
appears not to have been abandoned. In 
1884, in a modified form, it was again 
pressed forward, only to be again examined 
by a government commission, and to be 
again adversely reported upon. But this 
has not deterred further efforts. The 
scheme is now again revived, and a new 
commission has been appointed to give it 
a third consideration, 

The Engineer thinks “that after the 
reports which have been issued by previous 
commissions ” it will be “a mere waste of 
time and money to make further investi- 
gations,” and that, although the engineer- 
ing features present no insuperable diffi- 
culties, yet, on the face of it, the scheme 
must be considered as financially imprac- 
ticable.” Criticisms of the features of the 
work, as now projected, include, among 
other things, an assertion that the sec- 
tional area of the canal is too small in 
proportion to the midship section of a 
large steamer, to allow passage except at 
a very low rate of speed. 


Landslides. 

OF landslides, one of the worst difficul- 
ties encountered in railroad engineering, 
Mr. David Molitor gave the results of 
what seems to have been a very exhaustive 
study, in a paper read before the Associa- 
tion of Engineering Societies and printed 
in The Ratlway Review Nov. 24. The pa- 
per was accompanied with numerous illus- 
trations of typical landslides as they occur 
with different materials, and contains 
a thorough analysis of the conditions 
which in the different materials produce 
the sliding. In dealing with this part of 
the subject a good classification of land- 
slides is made, which arranges them in four 
groups. “A. Those occurring where the 
slope is too steep to maintain equilibrium 
of the mass. B. Those caused by in- 
clination of the natural strata, combined 
with the lubricating action of water. 
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In this and in the previous case we find a 
clearly defined sliding surface. C. Slides 
caused by the action of water alone. Here 
the material is softened to such a degree 
that it becomes fluid. D. Where the 
underground is not capable of supporting 
the weight of the overlying fill material.” 

The best means of prevention are dis- 
cussed in due order with the different 
groups; but it is avowedly the author's 
main purpose to lead up “to a new method 
of finding the earth pressure ....asa 
step in advance of what has been previ- 
ously done toward getting at the bottom 
of this matter. It is vain to expect to 
arrive at such results when dealing with 
such material as earth. The best we can 
ever hope to do is to approximate to 
the truth. It is alsouseless to experiment 
with dry earth, for nowhere in nature do 
we find large masses of earth in a dry 
state. Anembankment constructed from 
absolutely dry sand would in a short time 
absorb moisture, and thereby assume en- 
tirely different properties. Of all experi- 
ments made, orto be made, those only are 
valuable which are made under the actual 
conditions existing in nature, and of these 
we will find the extreme cases most valu- 
able. All engineeringstructures should be 
so designed as to comply with the most 
unfavorable conditions which may at any 
time occur, and this in itself is sufficient 
reason why experiments and investigations 
should be made under corresponding cir- 
cumstances.” 

Some examples of landslides occurring 
with Opalinus and Turneri clays on a Ger- 
man government railroad in a portion 
whose construction was under his charge, 
are cited by Mr. Molitor. These clays 
“disintegrate into a fine powder which, 
when wet, presents all possible properties 
objectionable to the engineer.’ But these 
landslides were made serviceable in secur- 
ing experimental data, being taken advan- 
tage of for this purpose as experiments on 
a large scale with special materials. 

“Whenever a slide occurred, accurate 
cross-sections were taken and plotted 
on the original sections taken for the 
project. The general method of repairing 
these slides consisted in cutting vertical 


passages into the sliding slopes and filling 
them with rip-rap. Inthe course of such 
repairs the sliding surface, or surface of 
rupture, became exposed, and could be 
plotted on the corresponding cross-sec- 
tions previously taken, thereby making a 
complete record of all the conditions at- 
tending the slide. Theslides which are here 
referred to, and which prémpted the fol- 
lowing conclusions, were all caused by de- 
positing material at a steeper slope than it 
could maintain.* 

“ Numerous slides occurred also in the 
cuts through these clays, and although the 
slopes of such cuts were quite stable at 
first, yet it was easy to see that at some 
future time, when the material disente- 
grated, it would act precisely as it did in 
fills. It would follow directly from this 
fact that the slides which occurred in cuts 
would not present the same features as 
those in filled earth; and in making ex- 
periments we must remember that filled 
earth exerts the maximum pressure, 
whereas the very same material, in natural 
strata, may, after cutting, at first exert no 
pressure at all.’’ This is explained by the 
fact that the material, in its natural layers, 
is more compressed or compacted than it 
will ever be after it has been dug up and 
moved about. 

As the result of observations on these 
landslides, the following propositions are 
made in conclusion. “1, That what is 
commonly known as the angle of repose 
of a certain material, is not a constant 
angle but a variable, depending upon the 
vertical height of the slope. 2. That 
what is called the plane of rupture, is not 
a plane but a curved surface whose cross- 
section closely approaches the form of a 
hyperbola. 3. That the surface of repose, 
as would follow from proposition 1, is not 
a plane, but a curve. For practical pur- 
poses, however, we may use an average 
straight line for the slope. 

“These three propositions, although 
they were determined only from experi- 
ments on Opalinus and Turneri clays, 
seem to be true for all materials, except 
that the relation of the height of slope to 
the angle of repose, and of the degree of 
curvature to the surface of rupture, vary 
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for different materials. It may be that the 
angle of repose varies less rapidly for 
sand than for clay, but we have no experi- 
ments on large sand embankments to 
verify this supposition. It is also possible 
that, for sandy material, the surface of 
rupture approaches more nearly to a 
plane, but all known experiments have 
been made on so small ascale that the 
conclusions become erroneous when ap- 
plied to large masses.” 


Effects of ‘Stress on Corrosion of Metals. 


EXPERIMENTAL investigations upon the 
general subject of corrosion of metals have 
been much needed. The phenomena of cor- 
rosion have not been studied with that thor- 
oughness which their importance demands. 
Mr. Thomas Andrews, however, presented 
before the Institution of Civil Engineers, 
at a recent meeting of that body, a 
series of researches which ought to set the 
pace for a complete elucidation of the 
causes which effect the chemical destruc- 
tion of metals as used in modern struc- 
tures, and the influences that act to retard 
or accelerate this action. 

One of the lines on which Mr. Andrews 
has extended his investigations is the in- 
fluence of stress upon corrosion ; and con- 
trary to what would probably be the gen- 
eral opinion in advance of experiment, 
this is found to retard rather than hasten 
the result. 

The iron and steel upon which experi- 
ments were: made were selected from 
standard samples. Eugineering News 
(Nov. 15), has given a good account of the 
method employed. 

“ The specimens tested were large, rolled, 
wrought iron bars; wrought iron, hammered 
shafts; Bessemer and open-hearth forged, 
steel shafts and large bars of soft and hard 

Bessemer steel, soft and hard cast steel and 
aluminum, nickel, chromium, silicon and 
copper steel. Experiments were also made 
on rolled plates of wrought iron, Bessemer 
and open-hearth steel, and soft cast steel. 
The chemical composition and general 
physical properties of these specimen 


metals are fully set forth in tabular form 
in the original paper. 
“ The author estimated the relative cor- 
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rosion of the‘ strained’ and ‘ unstrained * 
portions of thesame metals by the galvanic 
method which he introduced some years 
ago with satisfactory results in his previous. 
researches on the corrosion of metals. By 
means of the exceedingly sensitive galvan- 
ometer the slightest variation in the rela- 
tive rate of corrosion between any two 
metals, immersed in an electrolyte, can be 
ascertained. In observing the influence of 
tensile stress upon the corrosibility of iron 
and steel bars, the following method was. 
pursued : 

“ From each metal under investigation a 
bar was cut and turned into a test piece 6 
inches long, 3 inches between heads, 34 
inch in diameter for this 3 inches and 
1 inch and 1% inches in diameter for the 
heads, each { inch long. This bar was. 
then submitted toa stress usually sufficient 
to produce an elongation of 20 per cent. 
between gage points 3 inches apart. After 
being strained, the piece was cut in two at. 
the center, and both halves were turned 
down to exactly the same dimensions, In 
one piece the ‘strained’ end coincided 
with the middle of the test bar, and was 
left untouched in the lathe up to the point. 
where there was any reduction in diameter, 
caused by the tensile stress. In the 
second half, the end corresponding to the 
‘strained’ end of the first half was turned 
out of the head of the test bar, and this 
end thus consisted of ‘unstrained’ metal, 
or at least of metal considerably less under 
the influence of stress than the end of the 
first half. 

“ These two halves exactly alike in form, 
were then immersed, as a galvanic couple, 
in a saturated solution of sodium chloride, 
and sometimes in sea water. They were 
held in position in the beaker by insertion 
through two holes in a plate of thick glass, 
with the tapered ends only immersed to a 
depth of about ¥ inch in the solution. 
Galvanic contact between the two pieces 
of metal was only made momentarily 
at the time of reading the galvanometer, 
and the differences of potential between the 
‘strained’ and ‘unstrained’ metals were 
thus observed. The terminals of the bars 
were connected with a delicate galvanome- 
ter, placed in a circuit, with results fully 
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tabulated in the paper of Mr. Andrews for 
each set of experiments. A sensible cur- 
rent was observed between the two bars, 
and the ‘ unstrained’ end was found to be 
in the electro-positive, answering to the 
zinc in a galvanic couple. This indicated 
that the ‘ unstrained’ metal was being more 
rapidly acted upon by the solution, and 
was thus corroding more rapidly than the 
‘strained’ metal.” 

The conclusions reached are, that steel 
corrodes more rapidly than iron when ex- 
posed to sea water; that corrosion 
increases in such exposure as the per cent- 
age of carbon increases, that galvanic 
action as set up between iron and steel 
greatly promotes corrosion, and that stress 
acts to resist corrosion, all of which are 
important contributions to, or confirma- 
tions of, previous knowledge of this class 
of phenomena. 


Solid Metal Bridge Flooring. 


THE subject of solid metal bridge floor- 
ing is just now, and is destined to be in 
the future, one which bridge constructors 
must consider with a view to the selection 
of best types of construction, cost of erec- 
tion, etc., since such flooring is now, and 
will continue to be, demanded for bridges 
crossing over streets in cities. Those de- 
siring to get abreast with current opinion 
regarding the various types of solid metal 
flooring in use or proposed can find a good 
exposition of the requirements in a paper 
by Geo. B. Francis, M. Am. Soc. C. E., in 
Engineering News (Nov. 15). 

“ Three matters of prime importance in 
connection with bridge floors are being 
brought to the front very rapidly, and 
engineers will be obliged to give serious 
attention to them whether they wish to or 
not. 1, City ordinances and court decrees 
are going to specify ‘solid metal, water- 
tight, ballast floors,’ wherever tracks are 
to be carried over busy, city or village 
streets. Solid metal, because timber is in- 
efficient; water-tight, because of the drip 
nuisance, and ballast floors to reduce noise 
toaminimum. 2. Such a provision is in- 
complete without a carefully-devised sys- 
tem of drainage gutters and conductors. 
3. Such a solid floor must be selected as 


will suit the individual case to be met.” 

A bridge floor on Archer ave. Subway, 
Chicago, IIL, described and illustrated in 
Engineering News (Oct. 11), which is on 
a through girder bridge having floor 
troughs with four continuous joints in the 
bottom of each, is cited as a “typical ex- 
ample” of such a bridge, in which “ the 
question of ballasts, style of flcor and 
drainage have all received consideration,” 
the result being “a finished design, what- 
ever may be said of the final settlement of 
each question.” Such a floor “‘is all right, 
provided an engineer can satisfy himself 
that the four continuous joints . .. to 
which water has access, are going to prove 
water-tight after some time in service, or 
after the expense of calking or other treat- 
ment to make them so has been borne.” 

This kind of flooring would not answer 
for a deck-girder bridge, being only adapted 
“for a floor that is hung in some manner; 
and for deck flooring a shape with flat tops 
and bottoms and inclined sides would be 
more suitable.” A reason for regarding 
this form as more suitable, is the tendency 
for a rectangular shape to deform under 
load, whereas the “ flooring with inclined 
sides ” is free from this defect. 

“It is also perfectly feasible to use the 
latter flooring where the bridge must be 
made with through girders, either by rest- 
ing the flooring directly on the bottom 
flange of the girder or by cutting short the 
bottom member and resting the flooring 
on clips or shelf angles under the top 
member.” 

In such a construction proper provision 
for drainage must be provided, a sugges- 
tion for which is a drainage hole “ punched 
in the shapes to take the water clear of the 
flange. 

“It would seem that a floor with the 
bottom member made up in one piece, 
trough shape, would be more liable to give 
satisfaction for conveying water than one 
which has joints in the base, or which al- 
lows a ballast load in the trough to pull on 
the rivet heads, to say nothing of a sav- 
ing in bottom flange metal and general 
economy due to sloping sides. It cannot 
be denied, however, that floors of excess- 
ive depth, say about 16 inches, suitable for 
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double track width, can be better made up 
of vertical webs; but it is questionable if 
excessively deep floors are desirable. 

With reference to noise, the pavement 
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under the bridge is a potent factor, and to 
get good results something like asphalt is 
required, a material that will make a com- 
paratively noiseless pavement. 
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Bacteriology of Sewer Air. 

WHILE it is most generally admitted 
that disease germs are transmitted by sew- 
ers, there has been much difference of 
Opinion relative to the precise manner in 
which diseases—typhoid fever, for ex- 
ample—are conveyed from one point to 
another at a considerable distance. The 
difficulty in fixing upon a precise way in 
which these germs gain access from sewers 
to the atmosphere in inhabited dwellings, 
has led to some skepticism that this actu- 
ally takes place, as believed by most sani- 
tary authorities. The question may per- 
haps be regarded as still unsettled; but 
experimental research, the only way in 
which a solution of it can ever be reached, 
is in active progress. 

Among the most notable of these re- 
searches are those conducted by David 
Arthur, M.D., Demonstrator, Laboratory of 
State Medicine, King’s College, London, 
the results of which were communicated to 
the recent Sanitary Congress, and were prin- 
ted inthe Sanztary Record (Nov.1o, 1894). 

The researches of Dr Arthur were di- 
rected to sewer air at the ventilators, for 
the reason that sewer air existing midway 
between two ventilators, which is the air 
hitherto principally examined, contains, 
“roughly speaking, only half the number 
of micro-organisms that are found in the 
external air at the sametime.” From this 
fact observers have argued that the micro- 
organisms must have come from outside 
air ; that the damp walls of the sewer would 
act like a Hess’s tube, and so account for 
their diminished number. ‘“ No doubt 
such is the case; but being, however 
placed in such a moist trap as a sewer, it is 
a matter worthy of consideration how it 
comes about that the sewer air contains 
even so many micro-organisms, when it is 
taken into consideration that the air gently 
drawn through a common Hess's tube is 
sterile. This can be best explained after 
noting the condition of sewer air at the 
ventilators.” Dr. Arthur claims that his 


observations are the first that compare the 
bacteriology of ventilating airZof sewers 
and outside air. 

“Here invariably, when the ventilator 
was acting as an outlet, I found more mi- 
cro-organisms in the exit ventilating air 
than in the sewer air, and if there had been 
rain recently, many more even than in the 
outside air; and vice versa, if the ventila- 
tor was acting as an inlet. I invariably 
found more micro-organisms at the bot- 
tom of the ventilator than were present in 
the outside air. 

“This increase of micro-organism was 
the first means of making me suspicious 
of the deductions of past observers, and 
made me incline to believe that, after all, 
the sewer dd give off micro-organisms. 
Naegel asserts that ‘slight upward air cur- 
rents are enough to prevent floating bac- 
teria from settling down. The condensed 
watery vapor that surrounds them tends to 
maintain their buoyancy.’ So the constant 
deposition that takes place in a horizontal 
sewer will be stopped when it reaches the 
exit ventilator, and at the exit will be 
found the number of micro-organisms 
present in the air, plus what was given off 
from the ventilator wells. But in the 
sewer itself there would be no increased 
collection, as the micro-organisms would 
be deposited in the same section of the 
sewer where they were given off. 

“ With this theory, then, there is a con- 
tinual deposition and a continual elimi- 
nation of micro-organisms, the balance 
being the number found. This theory 
accounts for the small number found in 
sewers and the greater number found in 
outlet ventilators; not only so, but makes 
it clear how past observers could not in 
many cases explain their results.” 

To test whether and how micro-organ- 
isms were given off from sewers, he per- 
formed the following experiments, based 
upon the proposition that ‘‘ micro-organ- 
isms are being continually deposited and 
continually given off.” 
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“A large tube, 5 feet 5 inches long and 
23-inch bore, was plugged at one end 
and partly filled with water, and gently 
rotated in the horizontal position. A 
Frankland’s tube was put through the 
gutta-percha stopper, and 15 liters of air 
aspirated. This air was found to be practi- 
cally sterile. The tap water was run out, 
and fresh sewage substituted for it. Still 
the 15 liters of air that were aspirated from 
over the fresh sewage were practically 
sterile. 

“ Now the micro-organisms and molds 
collected from about twenty sewer-air ex- 
periments were placed in the tube along 
with a little sewage 3{inch. Four days 
later, when there was a liberal growth of 
molds, 15 liters of air were aspirated 
from the surface of the molds and sew- 
age, when there was found a large number 
of micro-organisms, This experiment was 
confirmed several times, both with Frank- 
land’s method and with Sedgwick and 
Tucker’s tube. Again, I confirmed these 
experiments in another method, by aspir- 
ating air through sewage. 

“Tt was found that by aspirating 10 
liters with gentle bubbling, 3 organisms 
were found; ro liters with violent bub- 
bling, 6 organisms were found; 11 liters 
over fresh sewage, 3 organisms were found; 
10 liters over broken dried sewage, innu- 
merable. 

“Again, I had two flasks one-third full 
of broth-culture connected by a brass tube 
about quarter-inch bore. This tube had a 
siphon bend upon the portion between the 
flasks and each end of the tube dipped 
beneath the surface of the broth. Into 
each flask there was put a bent air- pipe, 
plugged at the external end with cotton 
wadding. All the joints were covered with 
beeswax and vaseline. The contents of 
the flask were sterilized by boiling for five 
minutes during three consecutive days. 
The trap connecting tube was coated with 
organic matter by pouring the broth from 
one flask to the other. After the con- 
tents of the flask were cool, and the trap 
full of the nutrient broth, one flask was 
inoculated with typhoid bacilli, and the 
whole placed in the incubator, 

“ In three days the contents of the inocu- 


lated flask were cloudy. After twenty-one 
days the fluid in the trap became cloudy, 
and seven days later the fluid in the sec- 
ond flask also became cloudy. Drop and 
cover glass preparations were made from 
the latter, when the typhoid bacillus was 
found in abundance, 

“This in my opinion is one of the prin- 
cipal ways sewage microbes find access to 
sewer air. The bacteria of the sewage may 
creep like those of typhoid up the walls of 
the damp nutrient sewers, so that they 
may be literally alive with them. Molds 
here also grow with great proliferation. In 
their struggle for existence they will often 
be covered with bacteria, and in shooting 
forth their spore stalks must carry some 
bacteria out with them. When the spore 
heads are sufficiently long to project from 
the damp sewer walls, and have become 
ripe for dissemination the clinging bacteria 
and their spores will become liberated 
mold-spores, and bacteria, or their spores, 
will be wafted with every air current; 
many will gravitate to the sewage ; others 
will stick to the damp sewer walls; others 
will be carried up the ventilators to the 
outside air; while others, again, may gain 
access to dwelling houses.” 

Confirmatory opinions of a number of 
scientific authorities are quoted to support 
these views; and these also sustain the 
opinion that sewer air in contact with such 
infected material becomes imbued with 
specifically contagious properties. As to 
the identity of these organisms respect- 
ively isolated from external air and from 
sewer air as alleged by previous eminent 
investigators, the experiments of Dr. Ar- 
thur afford a striking confirmation. 


Transplanting Trees. 

A VERY important part of arboriculture 
is the transplantation of trees. Many 
things are necessary to be observed in or- 
der that this operation may be successful, 
even for small trees, and this is all the more 
true, when adult trees are to be trans- 
planted, as is frequently done for adorn- 
ment of parks and ornamental grounds. 
With reference to transplanting decid- 
uous trees after the 1st November in 
the latitude of New York, an answer is 
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given to inquirers in Garden and Forest 
(Oct. 31). It is not enough that a tree 
shall have vitality left to put forth its 
leaves after transplanting. Nothing less 
than “an unshattered constitution, a vig- 
orous life, a promise of longevity, and con- 
ditions which insure its best development 
in size, beauty and in characteristic expres- 
sion ” will satisfy an enterprising planter. 

“Small trees can be moved successfully 
at any time of year by one who knows just 
how to do it. But in this latitude the 
transplanting of trees ought not to be 
postponed until as late as the middle of 
November. Certainly, no tree ought to 
be transplanted after this date unless the 
ground has been thoroughly and _intel- 
ligently prepared beforehand. If trees 
must be dug or purchased now, it is better 
to heel them carefully and at once begin 
to prepare the place where they are to live 
permanently. 

“We have often explained why a large 
pit should be excavated for a tree. A 
wholesome tree needs a great deal of tood, 
and it must stand in a soil whose texture 
will make that food available. Where 
trees are to be planted in groups the whole 
ground should be trenched to a depth of 
two feet, and fora single long-lived tree 
an excavation which is ten or fifteen feet 
across and three feet in depth is none 
too spacious. The surface-soil should be 
placed to one side and the stones removed 
from the hardpan, This subsoil should 
be returned to the pit, and it will be all 
‘the better if a little rich soil and peat can 
be mixed with it, and then the surface-soil 
‘should be placed on the top as before. 
During the winter all this will settle and 
beconie firm, while the action of the frost 
will reduce the size of the particles. Next 
‘spring the trees can be lifted and placed in 
a small hole made in the center of the 
large one, care being taken as the roots 
are covered to ram the ground tightly 
about them. If we wait till spring to dig 
these holes, or if the tree is planted in 
them now when they are freshly dug, the 
soil will settle away from the roots as the 
tree sways in the wind, or the rain will 
wash it away, leaving air-spaces about the 
roots, which are fatal to the tender feeding 


fibers already formed, and which offer no 
encouragement for others to take their 
places. If the trees are properly heeled in 
a sheltered place to prevent evaporation, a 
sufficient number of roots will form to 
keep the branches plump during the win- 
ter; the scars, where bruised roots have 
been cut away, will have become calloused 
over, and they will suffer no shock when 
removed to their abiding place in spring, 
but will continue to grow as if they never 
had been disturbed. If trees are to be 
brought from a distance it is, therefore, 
better to procure them in the autumn than 
to wait until spring, and everything will 
be at hand for prompt action at a time 
when work of many kinds is pressing. If 
it is too late to secure the trees in time to 
heel them in while the ground is still warm 
and open, they should be procured at once 
and wintered in a cellar or pit. If they 
are heeled in they should be placed ina 
rather shallow trench and in an inclined 
position, and far enough apart to allow fine 
soil to penetrate every portion of the space 
occupied by the roots without leaving any 
unfilled interstices. The ground of course 
should be dry and well drained; no stones, 
clods or sods should be used in the filling, 
nothing but finely pulverized soil. A por- 
tion of the stems, as well as the roots, 
should be buried and the surface rounded, 
and it is better to dig a trench around the 
whole area occupied by the tree-roots, be- 
because mice will not be liable to push up 
under the snow against an inclined bank 
of earth.” 

An argument is made for the strict ob- 
servance of the method described, and 
the rationale of the directions is discussed. 
That these directions are not generally 
well known, and where known are not suffi- 
ciently heeded, is regarded as accounting 
for the frequently unthrifty condition and 
numerous failures of transplanted trees. 
Unless a tree “be fed and made happy in 
its new surroundings, as systematically 
and judiciously as if it were a growing 
animal, the result will be a lasting disap- 
pointment and regret.” No part of the art 
of landscape gardening requires greater 
care and attention to details than trans- 
planting trees. 
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Climbing Plants on Boston Buildings. 

THE use of climbing plants in mitiga- 
tion of bad architecture, as exemplified in 
Boston, is made the subject of an inter- 
esting article in Garden and Forest for 
November. ‘Probably nowhere else in 
this country does the service performed 
by climbing and clinging plants in cloth- 
ing and adorning the walls of buildings 
receive such good illustration as in and 
around Boston. Ampelopis tricuspidata 
was first domesticated here, and has so 
long been a striking feature of this city as 
to gain for it throughout the country the 
familiar name of “Boston Ivy.” This 
name, however, is seldom heard here, 
where it is most commonly known as the 
“‘ Japanese Ivy ” or the “ Japanese Ampel- 
opis.” 

The Museum of Fine Arts in Boston is 
cited as a remarkable example of the effect 
of this creeper in concealing architectural 
defects. ‘It clambered bravely over the 
ugly walls of the parti-colored terra cotta 
and brick, and for awhile so nearly effaced 
the unspeakable reliefs of the second story 
as to give them the charm of indefinite- 
ness. But the trustees have since re- 
stricted the creeper to the first story.” 

Another conspicuous example out of 
many which are cited is the “Old South 
Meeting House, where it creeps over an 
enormous expanse of gray old walls and 
high up on the tower, relieving the severity 
of the Puritan architecture.” The old 
gateway of the Granary burying ground, 
adorned by this creeper, has been spoken 
of as one of “the most beautiful things in 
all Boston.” Of the value of trailing 
growths for fences in parks and grounds 
there cannot be two opposite opinions, but 
it is not fully appreciated. 

“In Germany the Virginia Creeper is 
put to simple and effective use for this 
purpose in urban public grounds. A light 
low fence is made of stakes and connect- 
ing wires ; the Virginia Creeper is trained 
up each stake and made to form graceful 
festoons between. Its employment in 
some fashion would do good service on a 
place like the Cambridge common, for in- 
stance, now a bare, unattractive expanse, 
having a sort of kinship with the New 
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England rustic burying-ground. It is sur- 
rounded by a fence composed of unhewn 
granite posts with squared rails of wood 
between. Virginia Creeper, Japanese Am- 
pelopis, and perhaps other twining or 
climbing plants, might convert this old 
fence into a thing of beauty. In public 
parks the requirements for protection of 
the borders sometimes necessitates guards 
of wire and stakes along the paths. These 
are often great disfigurements, and their 
offensive aspect, in places where they seem 
to be required permanently, might be at 
least mitigated by the use of Virginia 
Creeper after the German fashion.” 

Another climbing plant said to be ‘‘ com- 
ing into marked favor is the Evonymus 
radicans, from Japan.” English ivy is not 
thoroughly hardy in and around Boston, 
though considerably used. 


Combination Heating. 


Mr. Geo. HOFFMAN writing upon this 
subject in the Na/zonal Builder, regards 
the system of heating by the use of hot 
water or steam, and heated air as ‘“‘here to 
stay,” and enumerates certain advantages 
claimed for this method. Perhaps forthe 
general reader, it may be well to say that 
in this system, air brought in fresh from 
the outside of a dwelling through pipes or 
ducts (usually called in heating specifica- 
tions the * cold air boxes’’) is heated by a 
furnace in the usual manner, and is con- 
veyed through warm air pipes to parts of 
the building where it may be circulated 
with ease and certainty; while parts so 
located that it is difficult to get the warmed 
air to them by simple flow through pipes. 
are warmed by steam or hot water. The 
steam or water for this purpose is usually 
heated by the same furnace, which is 
specially constructed with a heating coil 
or a steam generator for this purpose. In 
warming larger buildings, used as schools, 
etc., a separate furnace for heating air, and 
a boiler for supplying radiators with hot 
water or steam are sometimes used, but 
this would not, strictly speaking, be known 
in the heating business as a combination 
system, the term being confined to systems 
wherein the same heating furnace supplies 
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heat to different vehicles for conveying 
warmth to the apartments to be heated. 

“ Air will absorb heat much more rapidly 
than either liquids or solids and asin com- 
bination heating we are depending for 
fully fifty per cent. of our warmth on air- 
heat, the natural conclusion is that a 
combination heater will give results in the 
rooms to be heated much quicker” than 
either steam or hot water used singly. 
Of course it will be understood that very 
good ventilation may be attained in this 
way bya well constructed apparatus. 


American Society of Heating and Ventilat- 
ing Engineers. 

MANY suggestions for the Advancement 
of this new association are contained in 
Heating and Ventilation for November. 
These have been supplied in response to 
an editorial request for such suggestions, 


made with a view to place the association 
on a high plane of usefulness, and to make 
it equal in all respects to other high-class 
engineering associations. The association 
was organized last summer, the project 
having been favorably regarded by lead- 
ing houses in the heating trade. The con- 
tributions of practical suggestions under no- 
tice come from good sources, and show that 
the formation of such a society may con- 
duce largely to the benefit of this branch 
of the engineering profession. The organi- 
zation seems to be regarded as having 
started under favorable auspices, and has 
given already much encouragement to 
those who initiated the movement. One 
cannot read these suggestions without ar- 
riving at the conclusion that an organiza- 
tion of this kind is needed ; and the hope 
that its future may be as brilliant as its 
advent has been timely and auspicious. 
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P. Moffat (D E-Nov.) 1500 w. 


Miscellany. 


26909. Suggestions for the Advancement of 
the American Society of Heating and Ventila- 
ting Engineers (H & V-—Nov. 15.) 2500 w. 


Serials. 


26907. Hot Water Heating and Fitting. J. 
L. Saunders (H & V-Began Nov. 15—1 part to 
date—15 cts). 

26917. Combination Heating. By a Practi- 
cal Furnace Man (D E-Began Nov.—1! part to 
date—30 cts). 

26969. The Teaching of Plumbing Appren- 
tices (I C B-Began Nov. g—Ended Nov. 16—2 
parts—3o cts. each). 

27047. The New Rain Bath of the Utica State 
Hospital. Ill. William Paul Gerhard (E R- 
Began Nov, 24—Ended Dec. 1—2 parts—15 cts. 
each). 


27214. Combination Heating. J. W. Hughes 
(Met. W-Began Dec. 1—1 part to date—15 cts). 


We supply copies of these articles. See introductory 
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Telegraphic Engineering and Construction. 

ATTENTION was directed, in some re- 
marks made in this department last month, 
to certain dangers due to the overloading 
of telegraph poles with wires—a practice 
which has: become far too common on 
many of the principal routes of intercom- 
munication in this country. Referring to 
this matter in its issue of November to, 
the Razlroad Gazette expresses the opinion 
that “the Western Union Telegraph com- 
pany, like some railroads, has in many 
places devoted its energies to cheapening 
rates when it ought to have devoted them 
to improving the service.” The Gazette 
further suggested that every railroad might 
at least have the poles set far enough from 
the track to avoid danger to trains in case 
a pole falls over. A correspondent, writing 
in the same journal of December 7, says: 
“T have long felt that the gigantic poles 
erected along thetracks of our trunk lines, 
and daily growing weaker, were a constant 
menace, to ignore which was to invite dis- 
aster. While it may not be practicable, at 
the present time, to force all poles back, as 
you suggest, we can and should insist up- 
on rigid inspection, and the renewal of any 
pole showing signs of weakness.” The 
same contributor—who is an executive 
officer of one of the principal New England 
railroads—states that but for the good 
judgment exercised by the men in charge 
of a fast freight on his road on the night 
of November 5, a disastrous wreck would 
have occurred from this cause. What this 
official says in reference to the dangers _of 
the present situation is all true, but_the 
evil is one which at best can only be par- 
tially guarded against by the most rigid 
inspection, A somewhat extended series 
of observations has led to the conclusion 
that it is impossible to construct a tele- 
graph line according to present methods, 
carrying from 50to 100 wires, in which the 
poles are not liable to give way, either by 
breaking off at the ground line or being 
pried bodily out of the earth, when the 
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wires are heavily loaded with sleet or snow. 
A forcible example of this kind was noticed 
last winter, on the Lowell division of the 
Boston & Maine railroad at a point a few 
miles out of Boston, where a deep cut was 
literally filled for a quarter of a mile with 
the wreckage of an overthrown telephone 
line of very heavy and almost new poles 
carrying a large number of wires, but oth- 
erwise constructed in the best possible 
manner, causing a blockade of trains for a 
considerable time. Moreover it is seldom 
practicable to set the poles far enough 
away from the tracks to avoid the danger, 
as will clearly appear from the accompany- 
ing diagram drawn to scale, which illus- 
trates a condition of affairs not at all un- 
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common in practice. The remedy, to be 
at all effectual, must be a radical one. The 
overhead lines along the railroad rights-of- 
way must be restricted to a safe number of 
wires, and when it becomes necessary to 
exceed this number, as in practice it often 
must, then resort must be had to under- 
ground construction. The alternative 
course, as we pointed out last month, is 
for the telegraph company to secure a 
right of way of its own between such cities 
as New York and Boston, or New York and 
Philadelphia. Three rods in width would 
be ample to provide space for all the lines 
likely to be needed for the next fifty years, 
and as the route could nearly all the way 
be carried through uncultivated land, the 
land damages would not be likely to exceed 
$30 per acre, or say $40,000 for the entire 
route between New York and Boston; by 
no means an onerous amount. In theim- 
mediate vicinity of large towns, undoubt- 
edly some underground construction might 
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be required, but the plan as a whole is en- 
tirely feasible, and ought to receive imme- 
diate consideration. There is no good 
reason why a telegraph line, any more than 
a railway, should be a mere tenant by suf- 
ferance, and dependent upon the good will 
of other corporations for its rights of way. 
Such a policy was very well so long as the 
number of wires required was not great 
enough to incommode or endanger the 
ordinary and legitimate uses of streets, 
highways and railways for purposes of 
trade and transportation, but in view of 
the unavoidable multiplication of wires at 
the present day, there would seem to be 
urgent need of some radical reforms in ex- 
isting methods. 


Electric Power on the Farm. 

DuRINGthe past three or four years there 
has been a considerable amount oftalk, 
especially in the prospectuses of “fake” 
electric railroads and in the pages of popular 
magazines, of supplying electric power to 
farmers, especially those situated along the 
line of electric railways. It seems how- 
ever, from an article inthe Streed Razlway 
Review (November) that a promising 
beginning in this direction has already 
been actually made. The Crystal Hill 
farm and dairy, near Catasauqua, Pa., 
handles a large amount of corn-fodder and 
ensilage, and is provided with silos having 
an aggregate capacity of over 1000 tons. 
The expense of preparing the ensilage by 
horse-power was found to be very great 
and this led to the substitution of steam- 
power. An engineer had nevertheless to 
be employed, and all the coal used hauled 
a long distance by team, so that although 
steam proved to be cheaper than horse- 
power, the expense was still considerable. 
In the fall of 1892, an electrical contractor 
of Catasauqua induced the proprietors of 
the farm to try electricity. A 220 volt cir- 
cuit 2% milesin length was extended from 
the terminus of the lines of the local light- 
ing plant, and a 5 horse-power direct-cur- 
rent motor was installed at the farm, which 
served to operate the churns, cream- 
separator, bottle-washer and ventilating 
fans during hot weather, while the same 
circuit furnished abundant electric light to 


allthe farm buildings. This experiment 
proved so successful that the 25 horse- 
power steam-engine was soon afterwards 
replaced by a 10 horse-power motor of the 
same type as the first. The motor soon 
demonstrated its superiority over the 
steam-engine for the particular class of 
work it was called upon to do. Seventy 
head of milch-cows are fed on ensilage 
during the year, for which the adoption of 
the electric motor has reduced the cost of 
preparing the ensilage from $1.50 to 80 
cents per ton. Threshing, wood-sawing, 
etc., are performed by the same power. In 
the same region, the Allentown stock farm 
of Hon. J. Roth has installed a 15 horse- 
power direct-current motor which takes 
current from the trolley line of the Allen- 
town & Lehigh Valley Traction Company 
by a specially constructed single-wire line 
3300 feet in length. The current ts sold by 
meter at 8cents per kilowatt hour. The 
motor is placed in a building back of the 
barn, and belted toa main shaft supplied 
with pulleys for operating various kinds 
of farm-machinery. Threshing, cutting 
feed, grinding grain, shelling corn, pump- 
ing water, sawing wood, etc., are done in 
this way. A barn 50 by 208 feet is also 
supplied with electric lights. Mr. Roth 
says that he finds that electricity is not 
only much cheaper than steam or horse- 
power, but that it is far more convenient 
and more safe. Heis strongly recommend- 
ing other large farmers in his vicinity to 
adopt it. 
The Architect and the Electrical Engineer. 
THE Interdependence of the Architect 
and the Electrical Engineer is the topic of 
athoughtful article by Professor F. A. P. 
Perrine, in Zvlectrical Engineering (No- 
vember). The author thinks that the re- 
luctance of architects to undertake the 
study of the details of electric lighting 
systems has been largely responsible for 
the slow progress of electricity in the 
household. He points out that the prob- 
lem of lighting any one of the larger class 
of office buildings now existing in half a 
dozen of our chief cities, is not inferior in 
importance or difficulty to the problem of 
furnishing light for a town of six or eight 
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thousand inhabitants. An architect who 
undertakes to make plans for such a 
building ought to make himself familiar 
with the design, construction and main- 
tenance of a very considerable central sta- 
tion for supplying it with light. Then 
there are the questions of telephone and 
signal service, of electric elevators, and so 
on, “Shall we say then"’—says Professor 
Perrine—“ that either our architects must 
become one of the electrical profession, 
or that it will be necessary for the elec- 
tricians to study architecture? Both 
these propositions seem to ask for more 
ability and diversity of training than 
should be expected of one man in either 
profession.” The best solution of the 
problem, the author thinks, is to be 
looked for in the direction of a better 
mutual understanding between the archi- 
tect and the electrical engineer when 
working together upon the same design. 
“Tt should not be necessary for the elec- 
trician to search in vain on the plan for 
space in which to run his wires. The 
architect should understand the reason- 
ableness of fuse-wires and junction-boxes, 
and he should be capable of understand- 
ing that there is a limit to the inaccessibil- 
ity of the location in which a dynamo can 
be erected and properly cared for....., 
with the advent of the trained electrical 
engineer the members of the profession 
have reached the dignity where they may 
reasonably expect to be called into con- 
sultation with members of other profes- 
sions on an equality, and where the inter- 
dependence does not mean amalgamation, 
but intelligent joint authorship.” That is 
to say, the collaboration for which Profes- 
sor Perrine makes his plea should be sim- 
ilar in its character to that which exists, 
for example, between the designers of the 
hull of a steamship and the designers of 
her engines and machinery. It is appar- 
ent that only in some such way can a 
thoroughly satisfactory result be reached, 
especially in the case of a large building 
or group of buildings, A competent archi- 
tect, in the present state of knowledge, 
ought at least to be able to present a de- 
sign in which the demands made upon the 
electrical engineer do not involve either 
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impossibilities or unnecessary inconven- 
iences. 


Continuous vs. Alternating Arc Lights. 

“A DIFFERENCE of opinion seems still 
to exist’’—says Professor J. A. Fleming, in 
Lightning, the paper being reprinted in 
the Electrical Review (November 14)—‘‘as 
to the relative advantages of the continu- 
ous and the alternating current arc as re- 
gards efficiency of illumination.” As a 
contribution to the scanty stock of accu- 
rate knowledge now accessible on the sub- 
ject, Professor Fleming gives a résumé of 
certain experiments made by him in order 
to ascertain the relative efficiency, meas- 
ured in candle-power, of one and the same 
form of arc-lamp, when supplied success- 
ively with continuous and alternating cur- 
rents. A special photometer was prepared 
for the purpose of measuring the intensity 
of the light at any degree of inclination to 
the horizon. In all the experiments, car- 
bons of 13 millimeters were employed, and 
a \wattmeter was connected directly to the 
carbons, so as to measure the energy actu- 
ally expended in the arc itself. From the 
results of several hundred observations, a 
series of curves was constructed, show- 
ing, first, the relative distribution of light 
corresponding to a given ‘ wattage” at 
different inclinations to the horizon, and 
second, the variations in mean spherical 
candle. power corresponding to the differ- 
ent watt-values of energy expended in the 
arc, The former showed, as might perhaps 
have been foreseen, that the greatest in- 
tensity of light is projected at an angle of 
about 48° from the ground line, while the 
second set of observations demonstrated 
that for a given expenditure of power in 
the arc, the mean spherical candle- power 
for the alternating current is less than that 
for the continuous in the ratio of about 
two to three. Apart from scientific meas- 
urements, it is the general experience of 
people, where alternating arcs are used, 
that although the lamps look bright enough 
to the eye, the illumination at the ground 
level is disappointing. The diagrams ac- 
companying the paper show that with the 
alternating arc, the total illumination is 
divided equally about at the horizontal 
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plane, half of it being projected upward at 
nearly the same angle, viz.: 48°. Hence if 
the quantity of light directly available for 
lighting a floor-space be considered, the 
comparative efficiencies of the continuous 
and alternating arcs are in the ratio of 6 
to 2. The difference in practice need not 
be so great as this, because the light thrown 
upward may easily be reflected downward 
by means of a suitable reflector placed 
above the lamp, although it is obvious that 
if even the whole of this light could be 
usefully employed, the original ratio can- 
not be increased. Furthermore, Professor 
Fleming ascertained from experiment, that 
while a certain continuous arc required 
8.25 amperes and 45 volts to give a par- 
ticular candle- power, the alternating arc 
absorbed 15 amperes and 37 volts in pro- 
ducing an equal illumination, the apparent 
watts being in the ratio of 372 to 555. 
Against these various disadvantages, says 
Professor Fleming, may be set off the 
great convenience of having only one set 
of circuits. This has led to the employ- 
ment in some instances of alternate cur- 
rents for direct-current lighting by means 
of rectifiers, the irregularities of which 
have been found to assist the operation of 
the feeding-gear of the lamp. 
Electricity on Shipboard. 

In the Electrical-Engineer (November 
21) Lieut. S. Dana Greene’s paper read be- 
fore the Society of Naval Architects and 
Marine Engineers on the present position 
and future development of electrical ap- 
pliances on shipboard, is given in abstract. 
The electrical plant has come to be con- 
sidered one of the vital necessities of the 
modern war-ship, and is therefore always 
located in a special compartment by itself, 
as nearly in the central portion of the ship 
as possible, and below the protective deck. 
Vertical engines are to be preferred, and 
the dynamos should always be direct- 
coupled. Compound-wound slow-speed 
multipolar types of dynamos are best for 
marine purposes, and the full load effi- 
ciencv of each unit should not be less than 
80 per cent.; in the best types in modern 
service it often runs as high as 83 to 85 
per cent. The wiring of the vessel is the 


most difficult and expensive, as well as the 
most important part of the installation. 
The practice, formerly in favor in Europe, 
of utilizing the hull of the vessel as the re- 
turn conductor has never been admitted in 
this country; its sole advantage consists 
in its cheapness, while on the other hand 
it has a number of serious faults. The 
lights should be grouped on a number of 
separate circuits which are united at the 
switchboard, those ordinarily used at the 
same time being arranged on the same 
circuit. Water-tight moldings and fittings 
are employed in all exposed places. The 
best rubber-covered wire is used, to which 
a good heavy coating of braiding is found 
to give ailthe mechanical protection neces- 
sary. The loss of potential in the wiring 
should never be permitted to exceed 5 per 
cent., and can usually be limited to 3 per 
cent. without excessive cost. Thee. m. f. 
of all U. S. naval plants is 80 volts; a 
standard which has been adopted in order 
to permit the use of search-lights and in- 
candescent lamps on the same dynamos, 
without interposing too much dead resis- 
tance in the search-light circuit. This 
reason does not apply to merchant vessels, 
in which the voltage may with advantage 
be made from 100 to 120, The most im- 
portant future developments in marine ap- 
plications are probably to be looked for in 
connection with the electric motor. The 
motor is well adapted to operate ammu- 
nition hoists, as well as the turrets of 
battle-ships and the heavy guns in the 
turrets. Ventilators, portable drills and 
pumps, deck hoists, and even steering- 
gear may be advantageously operated by 
electric motors. One most important 
suggestion of the author is that all the 
water-tight doors in a vessel might easily 
be opened and closed from a single point 
and with great celerity. If the ill-fated 
Victortéa had been thus equipped, her com- 
partments might all have been closed be- 
fore the collision took place, and the ship 
saved. Among the most useful of recent 
electrical applications are electric search- 
lights and range-finders. The latter in- 
strument will indicate quickly and with 
reasonable accuracy, the distance of any ob- 
ject at sea within the range of vision ; often 
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a matter of the greatest importance. It is 
likely to play an important part in future 
naval engagements, and may in some in- 
stances be the controlling factor in the 
determination of the result of the contest. 
Other minor applications of electricity 
pointed out or suggested by Lieut. Greene, 
constitute no inconsiderable part of the 
equipment of these modern fighting ma- 
chines. 


Conduit Electric Railways. 

AT a recent meeting of the New York 
Electrical Society, Mr. Joseph Sachs read 
an exhaustive paper on the subject of elec- 
tric railway conduit systems, which may be 
found in Evectriczty. The paper was fully 
illustrated, and describes in a clear and 
accurate manner the many principal plans 
which have thus far been proposed, and 
intelligently outlines the prospects for the 
future. Fortunately, the paper elicited a 
full and animated discussion, which was 
participated in by some of the leading 
authorities in the country. The general 
consensus of opinion among those best 
qualified to judge, appears to have been 
that there is no serious obstacle other than 
cost in the way of constructing a conduit 
system that will work. It must be admit- 
ted that the constructional difficulties are 
far greater than in the overhead system, 
but all these may be overcome if enough 
money is expended in the solution of the 
problem. This is particularly the case in 
respect to the electrical problems, but as 
Mr. Sachs points out, if the conduit be 
made large enough, and the voltage be re- 
duced to a sufficiently low point—which 
involves of course, a material increase in 
the cost of copper for conductors —these 
difficulties are minimized, and may un- 
doubtedly be overcome. Thereis scarcely 
a practicing electrical engineer in the 
country who, if asked whether it were pos- 
sible to construct an operative electric 
railway upon the conduit plan, would not 
answer unhesitatingly, “‘ Yes.” Why then 
has not this method become more popu- 
lar? Simply because it is in competition 
with a better method. There is but one 
single feature of the conduit that recom- 
mends it above the overhead trolley, and 
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that is one that appeals to the esthetic 
side of our natures alone. In all other 
particulars the overhead system stands 
facile princeps. \t cheaper to construct; 
it is simpler, both mechanically and_ elec- 
trically ; it gives better service, and what 
is more important for its survival, it is a bet- 
ter dividend payer. What incentive, there- 
fore is there to capital, to an investment 
of half-a-dozen or more times the money 
for something which even in its ideal per- 
fection can only hope to equal that which 
we have already? Obviously, little or 
none. 


Electric Power Transmission in California. 

THE Practical Engineeer (November 2) 
contains a detailed account of an electric 
transmission plant at Bodie, Cal., by Mr. 
T. H. Leggett, which does not appear to 
have been published in the electrical jour- 
nals of this country. The single-phase 
synchronous system is used, the distance 
being 12% miles. The available head of 
water is 350 feet, which drives four 21-inch 
Pelton wheels rated at 60 horse - power 
each. These are on a common axis and 
are coupled direct to the armature shaft, 
the rate of revolution being from 860 to 
870 per minute. A Doolittle differential 
governor is employed, and is found to do 
its work in the most satisfactory manner. 
The generator is a 12-pole 120 k. w. ma- 
chine, and is insulated from the water- 
wheels by a hard-rubber disk enclosed in 
a rigid coupling. Its potential under full 
load is 3530 volts. The line is of No.1 
soft copper, supported on heavy poles 
placed roo feet apart, and crosses a num- 
ber of very steep ridges, one of which is 
the summit of the Sierra Nevada range. 
Deep-groove glass insulators on iron pins 
are used. A motor of 120 horse - power 
drives the 20-stamp mill of the Standard 
Consolidated Mining Company at Bodie. 
The mill and offices are lighted by 100- 
volt incandescent lamps, taking current 
from a 1o00-light converter at a reduction 
of 30.1, which is connected to the main line 
before reaching the motor-switchboard. 
The results of numerous tests are given, 
showing that about 70 per cent. of the 
water-power is obtained at the motor pul- 


4 
| 
a 
. 


FLECTRICITY. 721 


ley. The entire cost of the plant is stated 
to have been less than $45,000, while its 
operation, during a single month, effected 
a saving of about $2200. The daily saving 
over the use of steam is from $35 to $40, 
on a twelve-hour run, 


How Lightning Strikes an Electric Line. 

ONE of the most curious and remark- 
able photographs of a flash of lightning 
which has ever come under our notice was 
recently secured by Mr. Richard Rea of 
Menominee, Mich., and forwarded to the 
Electrical Review. By courtesy of the 
Review we are enabled to reproduce the 
illustration, which appeared in its issue of 


November 14. A careful examination of 
the photograph will show that the charac- 
ter of the flash was spiral, and that its di- 
rection was away from the camera, the 
large irregular loop in the upper part of 
the picture being quite near the spectator. 
From this loop the discharge passed 
downward and in front of the three elec- 
tric wires, being deflected slightly from its 
course by the repulsive effect of the cur- 
rent flowing into the upper wire, and again 
deflected, still more sharply, by the at- 
tractive effect of the current in the lower 
wire, of opposite polarity (the wires are 


stated to be those of a three-wire low- 
tension system). It then passed up in 
front of and over the neutral wire, taking 
a turn completely round it, and then going 
behind the two upper wires away into the 
distance, with greatly diminished bril- 
liancy and intensity, showing that it had 
parted with a considerable volume of its 
original energy, which was carried away by 
the neutral wire. This photograph is a 
most valuable contribution to the mass of 
facts respecting the action of lightning 
which has been in course of accumulation 
within the past few years. It will be in- 
teresting to hear what the experts in this 
line are able to learn from it. 


Determining the Efficiency of Electric 
Motors, 

ONE of the most intelligently and clearly 
written explanations of the how, why and ; 
wherefore of testing an electric motor for 
determining its efficiency which we have 
ever met with, is given by James F. Hobart 
in the Safety Valve (November). Mr. 
Hobart’s article presupposes a knowledge 
of elementary mathematics, but to one who 
has mastered these, the instructions and 
explanations will be found quite sufficient 
for a complete understanding of the sub- 
ject, although the meaning of the author 
is unfortunately obscured by the repeated 
occurrence of the word “tongue,” which 
the intelligent compositor has thought fit 
to substitute for “torque.” Nor would it 
have done any harm if the author had 
given, in a foot-note or otherwise, some 
explanation of the meaning of this expres- 
sion which, although well enough known 
in former days to theoretical machinists, 
did not make its appearance in the 
work-shop until the advent of the elec- 
tric motor. With- reference to the use 
of technical terms it may be appropriately 
added that new ones are constantly ap- 
pearing, and new uses are found for those 
already in use; and it renders any exposi- 
tion more acceptable if the significations 
of such terms as have not yet found their 
way into dictionaries are briefly and clearly 
defined in the significations employed. 
Even if some terms are unnecessarily 
defined no harm would result. 
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*26762. The Electricity Works at Bolton. 
[ll. (E E L-Nov. 2.) 6000 w. 


26851. The Perrine Scale for Wiring Calcu- 
lations. Ill. (E E N Y-Nov. 14.) 300 w. 
26889. Protit in Small Lighting Plants. J. 


C. Pratt (S M-Nov. 15.) goo w. 
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Nov. 21.) 1000 w. 
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(E E L-Nov. 16.) 1400 w. 
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500 w. 
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(El-Nov. 16 ) 1800 w. 
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27209. High Candle Power Gas Rivalry, H. 
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*27293. Lighting Installations. H. A. 
derson, with Discussion (El-Nov. 23.) 2600 w. 

27429. Distribution of Light, Heat and Pow- 
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E-Dec. 8.) 3500 w. 
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Carnival. Ill. FrankC, Perkins (E W-Dec. 8.) 
goo w. 
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*26662. Operating Machine Tools by Elec- 
tricity. Ill. George Richmond. (E Mag-Jan.) 
3000 w. 

*26736. An Electric Power Transmission Ine 


stallation.—In the Mining District of Bodie, in 
California (P Eng-Nov. 2.) 1500 w. 

*26756. Progress of the Electric Locomotive 
(Inv-Nov. 3.) 1900 w. 

*26882. Selling Power for Outdoor and 
Farming Purposes. Ill. (S,R R-Nov.) 800 w. 


+26922. Some Facts About Polyphase Mo- 
tors. Louis Bell. A E E-Nov.) 
+26924. Experiments on Two Phase Motors. 


Ill, Dr. Louis Duncan, 8S. H. Brown, W. P. 
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ALE E-Nov.) 4800 w. 

26935. Motors: Their Efficiency and How 
Determined. James F. Hobart (5 V-Nov. 15 ) 
2700 w. 

*26978. A Few Remarks About Accumula- 
tors (E R L-Nov. g.) 1100 w. 

*27122. Progress in Electrical Transmission. 
The Latest Improved Plant, West Pullman, Ill. 
Ill. (M-Nov. 15.) 2000 w. 

27192. The Kearney. Neb., Water Power. 
Ill. (E_E{N Y-Nov. 800 w. 


Woonsocket Electric Company’s New 
Water Power Plant. Ill, (S E-Nov.) 700 w. 

27196. Electric Elevator Performance (S E- 
Nov.) 1000 w. 

27201. Accidents in Large Power Plants. 
Ill. (W E-Dec. 1.) 800 w. 

*27291. Notes on Rotary Field Motors. 
Silvanus P. ‘Thompson (El- Nov. 23 ) 2500 w. 

*27335. Non-Synchronous Alternating-Cur- 
rent Motor for High Pressure. Ill (E E L- 
Nov. 23.) 500 w. 
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May a Man Conduct his Business as He 
Please? 

WHAT maya man do with his own? It 
is a popular idea, and a popular expression 
also, that “‘a man may do what he pleases 
with his own ”; yet there are certain legal 
limitations which a man attempting to ap- 
ply such a rule in conduct will soon be 
made to realize, and certain moral obliga- 
tions to society and to humanity in its 
broadest sense,—obligations which cannot 
practically be made the subject of legal en- 
actment,—yet whose violation will entail 
the loss of social respect and the disap- 
proval of just and humane men the world 
over. 

A man’s fist is his own, yet he may not 
from anger or malice use it to smite a fel- 
low citizen, without exposing himself to a 
penalty for the act. Except in self-defense 
he may not assault his neighbor with vio- 
lence. His house is his own, yet he may 
not at will use it for a brothel or a gamb- 
ling house. No matter how sound may be 
the title to his property, if certain maladies 
appear in his dwelling both he and his fam- 
ily may be shut up in his own house and 
kept there secluded from personal commu- 
nication with neighbors until the house 
has been purged of contagion; or they 
may be removed to a pest house when it is 
necessary to prevent the spread of a dan- 
gerous disease. These are familiar exam- 
ples of limitations which may restrain men 
from doing absolutely what they will with 
their own. Many other limitations to rights 
of personal ownership exist in the statutes 
of all civilized countries. The right of ab- 
solute control under all circumstances does 
not legally exist anywhere except among 
savages ; and even with savages some rudi- 
mentary limitations to rights of ownership 
may be found. 

This line of argument has been followed 
out with severe logic by Hon. Carroll D. 
Wright in Zhe Forum for December, and 
the argument points directly toward mod- 
ern business methods. He evidently thinks 


the recognition of ethical principles on the 
part of employers of labor will ultimately 
be forced by public opinion, though con- 
fessing, that, from an economic point of 
view, there is no visible way to bring about 
such recognition. At the same time if 
ethical principles are to exert an influence 
on employers they must simultaneously 
react upon the employed. The subject is 
so thoroughly elaborated that itis not easy, 
in a review, to present a fair view of it, but 
it will be possible to reflect the more im- 
portant points of the argument. 

“ Shall a man conduct his own business in 
his own way? Shall the savings of labor be 
considered a reserve, from which labor 
must draw, in order to enable it to subsist 
during periods of depression or of adver- 
sity, while the reserve of capital is kept 
practically intact under like circumstances, 
or, if drawn upon at all], in less measure 
than labor draws upon its savings?” 

“The great employer of to-day, when 
asked to make some concessions to labor 
or to arbitrate differences which have 
arisen between him and his employés de- 
clares that in order to win success he must 
have complete control of his own affairs ; 
and he asks, ‘ Shall I not conduct my own 
business in my own way?’ Under some 
circumstances the employé asks, ‘ Have 
you the right to conduct your business in 
your own way?’ Society has long since 
answered these questions in some impor- 
tant particulars. It says to the property 
owner, the manufacturer: ‘You must not 
so conduct your business as to injure the 
property of your neighbor, nor must you 
conduct your business in such a way as to 
injure the health of your neighbor. No 
property owner can do anything that will 
interfere with the rights and privileges of 
his neighbor, whether these rights and 
privileges come under the head of right to 
freedom from injury to property, or the 
privilege of living without damage to 
health.’ These principles are so old, and 
so well defined by precedent and by stat- 
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ute, that the answer is complete and em- 
phatic in so far asthe two features named ; 
and no question is made as to the sound- 
ness, either in ethics or economics, of the 
position which society has taken in the 
premises. . . . But the question which is 
far more reaching, and which will inevit- 
ably be answered by society, relates to con- 
ditions of men rather than to their mate- 
rial surroundings; and this question: 
‘Shall a man or a corporation who does 
not, or is not able to, conduct his or its 
affairs so as to avoid public disturbance, 
obstruction of trade, loss of wages, or the 
lowering of the standard of living, be free 
from the interference of society?’ Will 
not communities say to the employer: ‘If 
you cannot so conduct your business, or 
manufacture, or railroad that public busi- 
ness be not disturbed or the standard of 
life interfered with, we shall take some part 
in the management, or insist upon some 
adjustment by which society shall be free 
from disturbance ?’ The broad answer will 
come in due time,—in fact, it has come,— 
not by revolutionary methods, but by the 
processes of reason, the application of 
justice, and the rule of right.” 

It is argued that consent to arbitration 
of differences between labor and capital is 
a tacit reply in the affirmative to the ques- 
tions propounded, as is also the existence 
of State Boards of Arbitration, under leg- 
islative enactment the constitutionality of 
which cannot be denied. The Interstate 
Commerce Law isa “clearly defined in- 
stance of the necessity of government in- 
terference to prevent disturbance of trade. 
If it can interfere to prevent the disturb- 
ance of trade, can it not interfere to pre- 
vent the disturbance of society? Cannot 
the State say to both labor and capital, 
‘You must so conduct your affairs as to 
leave people at peace’? It must be admitted 
at once that, in so far as the individual is 
concerned, the extension of this answer to 
the scope which it will take in the future 
is uneconomic, Itis not good political 
economy, perhaps, but is it not good 
ethics?” 

The position is taken and ably main- 
tained that the savings of labor is one of 
the “ reserves as essential to the integrity 


of the business of a community as the 
reserves of capital,” or “the undivided 
profits of business held by capital for legit- 
imate purposes. ‘The trouble comes 
when, through depression, through com- 
petition, or other circumstances, wages 
are reduced; and, in so much as they are 
reduced, the possibility of keeping labor's 
reserve intact is lessened.- If the necessity 
extend or continue, the possibility of keep- 
ing the reserve intact is not only lessened, 
but completely destroyed ; and, in order 
to keep in condition to earn even enough 
wages to come up to the life-line, the re- 
serves are drawn upon and in many cases 
entirely exhausted, in order that the pro- 
cesses of production may go on. Capital, 
in the meantime draws upon its reserves 
to sustain its productive processes, while 
it may and often does reduce the usual 
dividends; and sometimes its dividends 
may be wiped out completely, just as the 
surplus earnings of labor may be wiped 
out completely. But recently we have seen 
that labor has not only been obliged, un- 
der the depressed condition of business, to 
accept most serious reductions in wages, 
but to draw heavily upon its reserve; 
while capital not only preserved its reserve 
intact, but did not suffer materially in its 
dividends, although it did meet current 
losses in its production.” 

Is this state of things fair to labor? If 
not, can legislation change the condition, 
or must the change come through the 
powerful influence of public opinion? 
A man may do anything with his prop- 
erty that statute law, as administered in 
law courts, permits, yet if he does not set 
some other than legal bounds upon con- 
duct, he will incur social penalties that to 
many men are as hard, perhaps harder to 
bear than those imposed for legal offenses, 
To lose self-respect, the respect of neigh- 
bors, to feel that one’s name is spoken 
only with contempt, to become ostracized 
from the esteem of honest, honorable men, 
to realize that one has by his selfish disre- 
gard of public opinion alienated himself 
from the esteem of worthy people, to be 
shunned by those whose society is desir- 
able, to be black-balled in clubs, and cut in 
public places ; these are penalties of an un- 
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written code whose restraining power upon 
conduct is, except upon the lower types of 
moral development, more potent than that 
of statute law. The force of this unwritten 
law is felt everywhere above the stratum of 
ctime in society, and it is an axiom that 
“there is honor even among thieves.” 

It is wholly impracticable to regulate by 
Statute all the actions of men. It is desir- 
able that people should treat each other 
with politeness, yet it would be foolish to 
attempt to make people polite by legis- 
lative enactment. Statute law imposes 
penalties for lying, only in two cases, lying 
under oath upon matters material to a legal 
issue, and lying about any of the things 
specified in statutes relating to slander or 
libel. In all other matters a man may lie 
without incurring alegal penalty; yet over 
the wilful, habitual liar hangs the penalty 
of the contempt which all honorable men 
accord to habitual liars. This fact, that 
there are and must always be two kinds of 
law by which men are controlled in their 
dealings with each other, statute law and 
moral law, which latter should be identical 
with the law of honor, seems to have been 
lost sight of by some writers in dealing 
with the sociological questions now upper- 
most in public interest. 

The cry is for more legislation, more 
statute law, and for the most part the pro- 
posed legislation is of a nature which the 
history of mankind has over and again 
demonstrated to be impracticable. Asa 
matter of fact there now exist statutes in- 
tended to control certain matters that 
would be much better governed by the law 
of public opinion in the absence of statu- 
tory provisions regarding them. Good 
government suffers more through excessive 
legislation than for any lack of legislation. 

The law of human kindness, too much 
forgotten in the pull and push of modern 
trade, is the only law that can regulate the 
intercourse between employers and em- 
ployed. This, though not expressly stated 
in Mr. Wakeman’s paper, printed in this 
Magazine for October, is implied in all he 
says with reference to the treatment which 
employers are morally bound to accord to 
workmen in shops and factories. Judge 
Trumbull recognizes this when in his 


speech delivered recently before an aud- 
ience of populists in Chicago he says: 

* [ would call upon the millionaires for 
heaven's sake to pause in their greed for 
more millions, and unite in the passage of 
laws which, by securing equal opportunities 
to all, shall contribute to the happiness of 
all.” 

But even were it possible to pass laws 
that would equalize opportunity, no legis- 
lation can equalize the ability of men to 
acquire, and supreme selfishness combined 
with business foresight would still lead in 
the race for wealth. If supreme selfish- 
ness, by an improved standard of morality 
and honor, could be made as disreputable 
as cheating and lying now are, there would 
be fewer millionaires. 

Mr. Ashley, in his paper reviewed in 
November, evidently sees the need for im- 
provement in business morality, when he 
speaks of fairness as an element of success 
in his scheme of profit sharing. Nothing 
could be truer; but, if fairness in dealing 
were a ruling motive on both sides at the 
present time, all difficulties between em- 
ployers and the employed could be easily 
and amicably settled. Fairness in dealing 
implies a plane of morality on which su- 
preme selfishness cannot stand. If all 
employers could attain to this plane of 
morality, each would be solicitous that 
employés should get their full and just 
share of the products of theirlabor. If all 
employés stood on this plane, every man 
of them would constantly study how to 
render the full equivalent of service for 
wages received. As it is now, the majority 
of both employers and employed in deal- 
ing with each other are governed by su- 
preme selfishness, each seeking to give as 
little as possible for what he gets regard- 
less of the golden rule. On this higher 
plane, a combination of men after having 
amassed many millions of dollars through 
the assistance of employés, would not cut 
wages to the starvation point, when the 
maintenance of wages through a streak of 
hard times seemed likely to take away an 
inconsiderable fraction of those millions 
and distribute it among those who in pros- 
perous times had helped to create them. 

Until both employers and wage earners 
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have been elevated to this higher plane of 
morality, all laws intended to promote a 
more uniform distribution of wealth will 
fail. The principles of equity must become 
a general rule of action, else all laws of 
this kind will be evaded, and if this rule pre- 
vailed there would be no need of the laws. 
There are laws against usury; yet, when 
any man wishes to pay more than the legal 
rate for the use of money, he can always 
find a lender who will advance the money 
wanted, on sufficient collateral security, 
and do it in a way that the law cannot 
reach. Our usury laws are good examples 
of the impracticability of all laws whose 
effective execution is not backed by a 
positive and general current of public 
opinion. 


The Chicago Strike. 

WHEN some future historian shall write 
a history of the world, recording the events 
of the last decade of the nineteenth cen- 
tury, he will find in the annals of the year 
1894 abundant material for a most inter- 
esting chapter. The great commercial de- 
pression, the war between Japan and China, 
and its results, the onward march of scien- 
tific discovery, the great engineering works 
in progress, the futile struggle for efficient 
tariff reform in the congress of the United 
States, the unrest of the masses, culmina- 
ting in the great strike at Chicago, are 
events numerous and important enough to 
inspire a masterpiece of historical descrip- 
tion. 

In writing about the strike our supposed 
historian will find no better material than 
the official report of the United States 
Strike Commission appointed by the Pres- 
ident, July 26, 1894. This commission, 
consisting of Carroll D. Wright, U. S. com- 
missioner of labor, John D. Kernan of 
New York, and Nicholas E. Worthington 
of Illinois, have submitted a report to the 
President which fills a pamphlet of 52 
pages. Zhe Boston /ournal of Commerce 
(Nov. 17) contains a comprehensive ab- 
stract of the document. 

In a session of thirteen days, 107 wit- 
nesses were examined. A copy of the tes- 
timony thus obtained was transmitted with 
the report, and it substantiates all the state- 


ments made in the report as submitted. 
Briefly then, the history of the strike will 
be based on the following facts. 

The employés of the Pullman car com- 
pany very generally joined the American 
railway union in March and April, 1894, 
and the nineteen local unions thus formed 
declared a strike at Pullman, hoping there- 
by to force the Pullman car company to 
accede to certain demands made by the 
workmen, the chief of which was an in- 
crease of wages, that on account of the 
effects of commercial depression upon the 
business of the company had been severely 
cut. 

The General Manager's Association is 
a voluntary unincorporated association 
founded in 1886, having as members the 
twenty-four railroads centering in Chicago, 
together operating 40,933 miles of road, 
having a total capitalization of $2,108,552,- 
617, and giving employment to 221,097 
men. The object of the organization is, 
ostensibly, “the consideration of problems 
of management arising from the operation 
of railroads terminating or centering at 
Chicago.” Upon this organization the 
significant comment is made that ‘there 
are no limitations as to consideration of 
problems or of funds (raised by assess- 
ment divided equally among the members) 
except the will of the managers and the 
resources of the railroad corporations.” 

The Pullman Car Company was organ- 
ized in 1867, with a capital of $1,000,000, 
Its present paid up capital is $36,000,000. 
The profits of the business have permitted 
the payment of 2 per cent. quarterly divi- 
dends and the accumulation of a surplus 
of $25,090,000, undivided profits. For the 
year ending July 1, 1894, the dividends 
considerably exceeded one half the wages 
paid for that fiscal year. The business of 
the company is as follows: 

(1) The operation of its cars upon about 
126,000 miles of railroad, being about 
three-fourths of the railway mileage of the 
country, under contracts similar to that in 
evidence. (2) The manufacture and re- 
pair of such cars. (3) The manufacture of 
cars of all kinds for the general market. 
(4) The care and management, as owner 
and landlord of the town of Pullman.” 
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Not to go into the details of the history 
of the erection of the town of Pullman by 
the Pullman Car Company, some of its 
peculiar features may be noted. Itis a 
town where no workman employed by the 
company can acquire ownership of real 
estate. The rentals collected from work- 
men are about 25 percent. higher than for 
the same grade of dwellings in Chicago. 
All library privileges, etc., if used, are paid 
for by the user. If workmen are injured 
in the service of the company they must 
be attended by a surgeon provided by the 
company, whose duty is, also, ‘to secure 
from the injured party a written statement 
as to the causes of injury, and it is his cus- 
tom to urge the acceptance of any offered 
settlement.” This system is characterized 
as “admirably conceived from a business 
standpoint to secure speedy settlement of 
claims for damages upon terms offered by 
the company, and to protect it from litiga- 
tion and its results.” In short, it appears 
from the report, that the scheme of the 
city of Pullman, was only intended to sub- 
serve the interests of the Pullman car 
company, and to aid in the control of the 
skilled labor that could be attracted to the 
town. 

The American Railway Union is an as- 
sociation of about 150,000 railroad em- 
ployés, organized June 20, 1893, including 
railway employés born of white parents. 
One of its avowed purposes was to prepare 
railway employés to meet with united re- 
sistance any unjust restriction or regula- 
tion which the organization of general 
managers might impose; and although the 
American Federation of Labor, with a 
membership of 500,000, at one time seemed 
willing to support the strike, the main 
contest was between the General Managers’ 
Association and the American railway 
Union. Thestrike utterly failed to accom- 
plish its purpose. The condition of the 
striking employés of the Pullman Car Com- 
pany was rendered worse by it, while the 
commerce of the country was seriously de- 
ranged. The cost of the strike affected by 
it is summarized as follows: Hire of 
United States deputy marshals, and other 
incidental expenses at least $685,308. Loss 
of wages by workmen at Pullman, at least 


REVIEW OF THE INDUSTRIAL PRESS. 


$350,000. Loss of earnings by railway em- 
ployés, $1,389,143. Many of the latter are 
still adrift and losing wages. Other 
widely distributed losses cannot be more 
than guessed at. There were shot and fa- 
tally wounded, 12; number arrested by 
the police, 575; number arrested and in- 
dicted under United States statutes, 71 ; 
number arrested but not indicted, I19. 

‘These great losses and many crimes ; 
the vast numbers, strength and resources 
of the labor that contended under the lead- 
ership of the American Railway Union 
upon the one side of the Pullman palace 
Car Company and the General Managers’ 
Association upon the other; the attitude 
of labor toward capital, disclosed in its 
readiness to strike sympathetically; the 
determination of capital to crush the strike 
rather than to accept any peaceable solu- 
tion through conciliation, arbitration, or 
otherwise; the certainty with which vast 
strikes let loose the disreputable to burn, 
plunder, and even murder ; the conversion 
of industrious and law-abiding men into 
idlers, lawbreakers, or associates of crimi- 
nals; the want brought to many innocent 
families; the transformation of railroad 
yards, tracks and stations, as well as the 
busy marts of trade, into armed camps; 
the possibilities of future strikes on more 
extended lines of union against even 
greater combinations of capital—are all 
factors bearing upon the present industrial 
situation which need to be thoroughly un- 
derstood by the people and to be wisely 
and prudently treated by the government.” 

As to causes of the strike they are found 
in the existence of the organization named, 
in the conduct of the Pullman Car Com- 
pany toward its employés, and in the un- 
wise action of the American Railway Union 
in admitting the workmen of the Pullman 
car shops into the organization. The 
leaders of the association at first opposed 
the strike, but found themselves, under 
the principles of the union, obliged to sus- 
tain it when once begun by Pullman work- 
men whom they could no longer restrain 
from their purpose. 

The Pullman Car Company does not oc- 
cupy an enviable position in this report. 
The deposits in the Pullman loan and 
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savings bank (substantially those of the 
workmen, half of whose accounts were un- 
der $100, and five-sixths under $500) di- 
minished nearly one-half from July 1, 1893. 
to August, 1894. “ These figures show 
how seriously the cutting down of wages 
ate into savings.” 

“As the result of the Pullman system 
and its growth, when the depression of 1893 
came, morally calling for mutual conces- 
sions as to wages, rents, etc., we find on 
the one side a very wealthy and unyielding 
corporation, and upon the other a multi- 
tude of employés of comparatively excel- 
lent character and skill, but without local 
attachments or any interested responsi- 
bility in the town, its business, tenements, 
or surroundings. The conditions created 
at Pullman enable the management at all 
times to assert with great vigor its assumed 
right to fix wages and rents absolutely, and 
to repress that sort of independence which 
leads to labor organizations and their at- 
tempts at mediation, arbitration, strikes, 
etc.” 

The report regards the Pullman car com- 
pany as “behind the age” in its hostility 
“to the idea of conferring with organized 
labor in the settlement of differences aris- 
ing between it and its employés. The 
company does not recognize that labor 
organizations have any place or necessity 
in Pullman, where the company fixes 
wages and rents, and refuses to treat with 
labor organizations. The laborer can 
work or quit on the terms offered ; that is 
the limit of his rights. To join a labor or- 
ganization in order to secure the protec- 
tion of union against wrongs, real or imag- 
inary, is overstepping the limitand arouses 
hostility. This position secures all the 
advantages of the concentration of capital, 
ability, power, and control for the com- 
pany in its labor dealings, and deprives the 
employés of any such advantage or protec- 
tion as a labor union might afford. 

“ The strike was of the kind known as 
sympathetic.” The railway employés en- 
gaged in it had no grievance of their own, 
but sacrificed themselves to the support of 
the principle of “solidarity of labor.” The 
boycott of the Pullman cars would have 
been an “ incongruous step for the remedy 


of complaints of railway!employés.” It 
risked the integrity of the association in 
an unwise and unnecessary way. It pro- 
voked the antagonism of all the railway 
lines, placing the latter in a position where 
they must either violate contracts and in- 
cur penalties. or oppose the misdirected 
effort to aid the workmen at Pullman in 
their conflict with the company. 

“To preserve the integrity of associa- 
tions designed to unite and organize labor 
on such a broad basis as that of the Amer- 
ican railway union but two courses seem 
open: (1) To take a position against all 
strikes, except as a last resort for unbear- 
able grievances, and to seek the more ra- 
tional methods of conciliation and arbitra- 
tion. To this object the power of public 
opinion would lend aid to an extent not 
now appreciated. (2) Conservative lead- 
ership, legal status, and the education of 
members in governmental matters, with the 
principle in view that in this country noth- 
ing can accomplish permanent protection 
and final redress of wrongs of labor as an 
entirety except conservative progress, law- 
ful conduct, and wise laws enacted and 
sustained by the public opinion of its 
rulers—the people.” 

As tothe General Managers’ Association, 
this strike first exhibited its strength in 
opposing an organized attempt to obstruct 
traffic, and its energy and ability were con- 
spicuous during thestruggle. Prior to this 
event its attention had been almost wholly 
directed to “ questions concerning trans- 
portation centering at Chicago in which 
the roads had a common interest. It thus 
determined the policy and practically fixed 
the relations of all the roads toward the 
public, as to switching, car service, load- 
ing and unloading cars, weights of live 
stock, rates, etc., and sustained each road 
in maintaining the position of the associa- 
tion asto these matters.” No question has 
been made of the usefulness of the asso- 
ciation both to the roads themselves and 
to the public. That it was forced into a 
conflict with its employés in the Chicago 
strike is not denied. Its vigor in meeting 
the attempt to coerce the roads into 
abandoning the use of Pullman cars is 
acknowledged. The justice of its course 
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must be conceded. At the same time it is 
seen that peaceful settlement of labor 
questions is not to be expected when great 
corporations like the Pullman car com- 
pany maintain the attitude toward work- 
men displayed in the evidence on which 


this report is based. Such an attitude is so 
arbitary and exasperating as to make 
strikes inevitable, if not justifiable. It is 
not in human nature to submit patiently 
under such provocation, and it is foolish 
to expect. 
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MARINE ENGINEERING 


The Training of Marine Engineers. 

EVERYWHERE that civilization has ad- 
vanced to the adoption of machinery as a 
substitute for manual labor, the subject of 
education holds a prominent place as a 
factor in industrial progress. Even in 
Japan, the latest and most wonderful 
example of national development, educa- 
tion is regarded as a séme gua non by 
its intelligent and able government. By 
educating officers and engineers, her 
smaller area and comparatively smaller 
population has been made more than a 
match for the Chinese hordes, and by her 
recent military exploits she has won a most 
influential and enviable position among 
oriental powers. 

The Institute of Marine Engineers (Eng- 
land), having addressed a letter to the 
Board of Trade “advocating certain 
changes from present rules in the training 
of marine engineers,” the board referred 
the subject back to that body and to other 
societies for advice. Thereupon the Insti- 
tute of Marine Engineering adopted the 
following resolution : 

“That in the opinion of this meeting, 
it is highly necessary to amend the present 
regulations as to second-class certificates 
for engineers with regard to service in the 
workshop, where the minimum service 
should be five years; and that the atten- 
tion of the Board of Trade should be 
called to the desirability of creating a 
third-grade certificate, which should be 
granted to those who have served at least 
five years in an engineering work, and one 
year at sea, and passed the prescribed ex- 
amination.” 

The following argument also accompan- 
ied the resolution: ‘ Greater and increas- 
ing responsibilities rest on the engineers 
of to day as compared with those of the 
past. Foreign competition is greater and 
increasing, and it rests largely with the 
most intelligent use of material in the en- 
gine department to gain the advantage in 
the competition. There is less hand and 


more machine tool labor in our workshops 
now than formerly, and, therefore, the 
more reason for an extended apprentice- 
ship. In our large steamers there are 
many young engineers who sail for years 
in a Capacity junior to fourth engineer, 
and who have no opportunity for passing 
the examination for second engineer, but 
who might have granted them an oppor- 
tunity of obtaining a third-grade certifi- 
cate as a means of encouragement.” 

This resolution and the remarks accom- 
panying it, as presented to the Board of 
Trade, are printed and made the source of 
editorial comment in Engineering (Lon- 
don, Nov. 16) which remarks that “the 
questions at issue in regard to a longer pe- 
riod of workshop experience for marine 
engineers are so various that it is difficult 
to know from what point to approach the 
subject. 

“Undoubtedly it is desirable that our 
sea-going engineers should have a 
thorough practical knowledge of the en- 
gines under their charge; but that a theo- 
retical or scientific knowledge of marine 
engineering is necessary for sea service, 
z. é, service afloat, is a matter which is 
evidently considered by some to admit of 
discussion. No doubt in order to be a 
good marine engine designer, it is highly 
desirable that a man should have had ex- 
perience of the working of marine engines 
in actual use. Thatis the other side of the 
question, but engineers afloat are not re- 
quired to design engines.” 

If the standard of qualification be 
raised too high it is thought the supply 
may easily become too small to meet the 
demand for qualified engineers, a result 
that could hardly be more than tempo- 
rary, yet one which it seems to be feared 
by Engineering would become a protrac- 
ted embarrassment. It cannot of course be 
the purpose of any one to advocate a 
standard which will be prohibitive, and 
within reasonable limits, if the demand for 
qualified men prove greater than the sup- 
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ply, such an increase of pay would inevita- 
bly result in attracting more men to 
this calling in life,and an adjustment of 
supply to demand would follow in due 
course. 

As to what may be gained by an extra 
two years spent in the machine shop, it 
is quite doubtful that such improvement 
in the qualifications of marine engi- 
neers would result as seems to be ex- 
pected by the Institute of Marine En- 
gineers. If the two years were occupied 
in work requiring the use of such tools 
and methods as marine engineers must 
employ on shipboard, some good might 
accrue from added experience and skill. 
In the shop, however, machine tools and 
other methods are the rule, and it is 
difficult to see how the desired improve- 
ment would be gained. It is very per- 
tinently argued that ‘‘ the engineering fac- 
tories of the country are not run as educa- 
tional establishments, and where the man 
is found to be most useful for forward- 
ing work, there he will be put, even if he 
learns but the one job, Even articled pupils, 
with whom astiff premium has been re- 
ceived, are apt to find difficulty in get- 
ting sufficient variety of work—much 
more so the class from which  sea- 
going engineers are likely to be drawn,” 

The resolution originally adopted by the 
Institute of Marine Engineers was also re- 
ferred by the Board of Trade tothe North- 
east Coast Institution of Engineers and 
Ship Builders,and Mr. J. R. Fothergill 
was invited by the council of this institu- 
tion to contribute a paper on the subject. 
Of this gentleman’s qualifications for the 
discussion of the question, we are informed 
that ‘he has himself had large experience 
as a marine engineer, and has held im- 
portant appointments as superintending 
engineer.” Mr. Fothergill in his paper, 
among much other valuable suggestion, 
urged that “the present regulations of the 
Board of Trade met all requirements at 
the time when they were drawn up; but 
the march of progress has been rapid and 
the necessities of the case demand 
thorough, practical and technical knowl- 
edge; yethe asks does this demand upon 
the educational capabilities of a sea-go- 
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ing engineer require more than technical 
knowledge, namely, a useful knowledge of 
the principles that govern the gen- 
eral working of the machinery un- 
der his charge?” It isacknowledged that 
this isa difficult question to answer, and 
that the precise lines on which the educa- 
tion of marine engineers should proceed 
are difficult to define. As to the time 
spent in shop experience, it seemed to be 
the consensus of opinion expressed by 
those who discussed Mr. Fothergill’s pa- 
per at the meeting when it was presented, 
that five years is the minimum that should 
be required. The proposition to grant 
third-class certificates was also much fav- 
ored. Its intent and effect would be “to 
create a position and a status to many 
who have to wait long for promotion.” 

‘An assistant engineer is not eligible 
for a second-class certificate until he has 
been twelve months in charge of a watch, 
and in large mail steamers he may have to 
wait years for his opportunity; whereas a 
younger and less experienced man may 
join a smaller vessel in which there are 
only three engineers, so that after but 
twelve months’ experience he may become 
eligible for the second-class certificate. 

“Mr. Fothergill did not propose that 
the third-class certificate should be com- 
pulsory to all engineers, but that in all 
foreign-going steamers carrying four or 
more engineers, or in all steamers of 300 
horse-power nominal and upwards, the 
third engineer should hold a certificate. 
He suggests that the third-class certifi- 
cates should be granted on examination 
after one year’s sea service, and it is also 
proposed that the period of sea service for 
a second-class certificate should be altered 
from oneto two years. These recommen- 
dations will, we think, be accepted as 
sound by most persons who have had ac- 
tual experience in these matters, It is 
also proposed that the fact that an engi- 
neer should ‘ have served at least four years 
at sea in the engine-room as an engineer 
on regular watch in the foreign, home or 
coasting trade,’ should not—as_ in accord- 
ance with the present Board of Trade regu- 
lations—entitle him to become a candidate 
for a second-class certificate.” 
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As a result of Mr. Fothergill’s paper 
and the discussion it elicited, resolutions 
were adopted, recommending to the Board 
of Trade, the granting of third-class cer- 
tificates (not however, to be made compul- 
sory to all engineers) ; that on foreign-go- 
ing steamships of 300 nominal horse- 
power and upwards, the third engineer 
shall be a certificated engineer ; that each 
candidate for third-class certificates shall 
have served twelve months at sea; 
that each candidate for a second-class 
certificate shall have served two years at 
sea, and that clause 3, par. 35, inthe pres- 
ent Board of Trade regulations (which 
entitle an engineer after having served 
four years at sea in the engine-room as an 
engineeron regular watch in the foreign, 
home, or coasting trade, to become acan- 
didate for a second class certificate) be an- 
nulled. 


Breakdowns of Steamer’s Machinery. 

A LONG list of accidents to marine en- 
gines and machinery on ships, compiled 
from newspaper reports, confessedly in- 
complete, and also unclassified, is given by 
a writer in Fazrflay, Nov. 9. The list 
covers a period of twenty months begin- 
ning with January, 1893, giving the names 
of vessels, and in most cases the nature of 
the injury; though only the names of ves- 
sels whose machinery was disabled (with- 
out stating the nature of the disability) are 
given in quite a number of instances. The 
variety of accidents to which steam ma- 
chinery for marine use is liable, is, how- 
ever, well displayed in this compilation, 
and a comparison of the number of acci- 
dents of each kind with that of others will 
fairly show which are the most frequent. 

Thus out of a total of 129 disabilities, 
the particular nature of 106 are named. 
In a few cases, two of these disabilities oc- 
curred simultaneously on the same ship, 
and in the most of the cases classified 
below the ships were so much disabled as 
to compel them either to put in, or be 
towed into the nearest available port. We 
have arranged these in groups from the 
general list as given. 

The list includes 43 broken shafts; 31 
broken or lost propellers; 7 broken, 


cracked, or otherwise injured cylinders; 
2 boilers burst, and 5 leaky; 4 broken 
crankpins, 3 broken crank arms, 3 broken 
down pumps and onecondenser; 1 leaking 
steam pipe; | burst steam pipe; broken 
eccentric rod, eccentric, piston rod, con- 
necting rod, and crown wheel, of each 1 ; 
2 pistons broken; 1 rudder post broken; 
I steering gear broken down; r furnace 
disabled ; 2 feed pipes disabled ; 23 the 
nature of whose disability is not named. 

The most frequent breakage is that of 
shafts. Next inorder are propeller break- 
downs and cylinders. The steam genera- 
ting apparatus makes a very favorable com- 
parison with the engines and propeller ma- 
chinery, though in the popular mind the 
former is looked upon as the most frequent 
source of accident. The frequency with 
which shafts break down seems to prove 
either that their manufacture has not been 
brought to a desirable degree of perfection, 
or that their designers too frequently fail 
to give them the proper size needed to 
meet all the strains to which they are to 
be subjected. 


Surface of Thrust Blocks. 

A USEFUL diagram with accompanying 
explanation, by Geo. R. Bate, Assoc. M. 
Inst. C. E., is presented inthe Practical 
Engineer for Nov. 2. “In its construction 
the effective horse-power, or the power 
actually employed in propelling the ship, 
has been assumed to be equal to two-thirds 
the indicated horse-power of the engines 
so that if 

].H.P. = the indicated horse-power of 
the engines 

E.H.P. = effective horse-power = I.H. 
P. x % 

K = speed of vessel in knots 

T = total thrust, or load on thrust 
block in Ibs. 

P = pressure on thrust collars, lbs. per 
square inch 

S = surface of thrust collar, square in- 
ches per I.H.P., then 

K x 6080 

feet per minute, 
and work done per minute in foot-pounds. 

1084, 


= K x 101.3 = speed in 
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so that T x K x 101.3 = E.H.P. x 33000; 


therefore T = E.H.P. 


K x 101.3, 
E.H.P. = 1.H.P., 
we may write T = x 
3K x 101.3 

LELP. x ALP. x 217. 

Kx K 
therefore S, the surface of thrust collars 
in square inches per I.H.P., 

217 

“ The diagram gives the value of S with 
P, varying from 30 Ibs. to 80 Ibs. per square 
inch. In ordinary practice this pressure is 
50 lbs. to 60 lbs. per square inch in naval 
work, and 4olbs. to 50 Ibs. per square inchin 
mercantile steamers, although in cases 
where white metal is fitted, itis found that 
these loads may be safely increased by 25 
per cent. 


Again, if 


ust collars, inches per I.H.P 


Pressure on thrust collars, pounds per squere incl. 
Arca of thr 


Speed of vessel, knets. 


Diagram giving thrust surface per I.H.P for speeds 
of vessels up to 30 knots at various pressures between 
faces. 


“As an example, let us suppose a case of 
a thrust block for a vessel having engines 
of 3000 I.H.P. driving her ata speed of 18 
knots, and we require to determine the 
necessary surface of thrust collars, that 
the pressure on them may not exceed 60 
Ibs: per square inch. At the point marked 
18 knots on the scale for speed of vessel, 
follow the ordinate up until it cuts the 
line marked 60 on the scale of pressures 
on thrust collars to the left of the dia- 
gram, at which point of intersection fol- 
low to the right, and read off the corre- 
sponding surface of collars ner I1.H.P.—ze., 
0.201 square inches; then 0.201 x 3000 = 
603 square inches, the total thrust surface 
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required for E.H.P. = 3000 x 7, = 200° 


2000 X 33000 __ 
18 X 101.3 

the load onthe block = 36180 Ibs.; then, 
if pressure per square inch between sur- 
faces is not to exceed 60 lbs., we have total 
surface of block 

36180 
- — 


and 


= 603, as by the diagram.” 


Economy of Triple Screws. 

THE second meeting of the Society of 
Naval Architects and Marine Engineers 
was held on the 16th Nov. at the audito- 
rium of the Am. Soc. of Mechanical En- 
gineers, and its proceedings comprise a 
great deal of good work. A report of the 
meeting was printed in American Machin- 
Nov. 22. 

Passing over the able address of Presi- 
C. A. Griscom, the subject of greatest im- 
portance presented at the meeting seems 
to be the economy of triple screws, dis- 
cussed by Commodore George W. Mel- 
ville, Engineer-in Chief, U. S. N., who 
claims the honor of recommending the 
use of this system of propulsion on the new 
U.S. cruisers Columbéa and Minneapolts. 
The system, however, was not new when 
thus urged upon the consideration of the 
Navy Department. 

“Although I had the honor of recom- 
mending the use of triple screws on these 
vessels, it is hardly necessary to tell this 
society that the use of triple screws was 
not a novelty, and that any credit in the 
matter arises simply from their use for 
machinery of much greater power than 
had previously been attempted, and for 
persisting in the design against the advice 
of some of my best friends in the profession, 
who believed it too much of an experi- 
ment. 

“ When I was asked to design machin- 
ery of about 21,000 I. H. P. for the Co/um- 
éca, there were a number of questions 
which came up for consideration. One 
was that of securing economy at moderate 
speeds when full speed was so high, and 
another was that of the shafting. When 
the design was under consideration no 
steel shaft had yet been madein this coun- 
try for the transmission of sogreat a power 
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as 10,000 horses, and while I had every 
confidence in my friend, John Fritz and 
the Bethlehem Iron Company, I felt that 
it would be safer to adopt a design which 
would give us smaller shafting. The alter- 
native to triple screws was twin screws, 
either with one very large engine, or two 
smaller ones on each shaft; the former 
meant large parts of the machinery all 
through, and the latter great multiplica- 
tion of parts.” 

A speed of 22 knots per hour with 21,000 
I. H. P. was all that was hoped for with 
these vessels, and no increase of economy 
in propulsion was expected; but on trial 
the Columbéa made 22.8 knots per hour 
on 18,500 I. H. P. thus demonstrating the 
wisdom of Commodore Melville’s recom- 
mendation, and a further gratifying fact is 
that a gain in economy has been reached 
at maximum power. Although this system 
has thus far only been tried with war- 
ships it is not likely to stop there. Com- 


modore Melville thinks that the arrange- 
ment of screws commends itself for all 
very high speed ships, and says “if it were 
not dangerous to prophesy, I should be 
prepared to anticipate the adoption of 
triple screws for all the new ‘ flyers’ that 
enter for the transatlantic race.” 

The cause of the increase of economy at 


maximum powers will excite inquiry. To | 


account for it, it is explained that “the 
most reasonable explanation of the in- 
creased economy of propulsion is that, in 
an unusual degree, the center screw, which 
occupies the same position as the propeller 
in single screw vessels, profits by the for- 
ward motion of the frictional wake, and 
this without interfering with the stream 
line motion sufficiently to increase the ves- 
sel’s resistance.” To some of the fossil 
remains of a former age in marine propul- 
sion, present at the meeting of the society, 
this explanation did not seem altogether 
satisfactory. 
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Losses in Boiler Practice. 

IN a paper read before the Engineers’ 
Society of Western Pennsylvania, Nov. 15, 
and printed inthe American Manufacturer, 
Nov. 23, Mr. Daniel Ashworth does not 
deem it necessary to enter upon a purely 
technical discussion but prefers to adopt a 
more popular style of treatment. 

The effort is ‘to make the story so sim- 
ple that every one, not necessarily an en- 
gineer or a technical scholar, can grasp it 
instantly,” yet without depreciation of the 
importance of a thorough knowledge of 
technical principles. The proposition is 
made that the greater losses in boiler prac- 
tice are directly chargeable to lack of in- 
telligence and proper management in the 
boiler room. 

“ The development of boilers, together 
with furnaces and devices, all converging 
to a more thorough combustion and rapid 
steam generation, would certainly lead one 
to believe that a radical improvement in 
the way of economy of fuel would result. 
While, in a measure, in special cases and 
conditions, there has been some improve- 
ment, yet a careful review constrains us 
to believe that the results are far short of 
what would be expected, and this is dem- 
onstrated, not only by careful and elabo- 
rate tests, but, in addition, by close obser- 
vations of regular, continuous operation.” 

Seeking for an explanation, it is found in 
the aggregation of small losses, which neu- 
tralizes the otherwise beneficial effect of 
improved appliances for steam generation. 
Furnace walls cracked and admitting 
streams of cold air, indifference to the ne- 
cessity of keeping boilers clean inside and 
out, and lack of capacity in those placed 
in charge of boilers are among the sources 
of loss. Irregular and injudicious supply 
of fuel and water are also frequent faults. 
Gradual increase of demand for steam 
power often leads to over-taxed boilers 
always resulting in reduced economy. 

As to power plants in city buildings a 
great fault is want of space. The boilers 


are thereby rendered difficult of access for 
inspection and cleaning ; and the result is 
that these necessary functions are either 
performed in a perfunctory manner or are 
put off as long as possible, instead of be- 
ing attended to regularly and systemati- 
cally, It is pertinently queried “ how could 
it be expected that boilers and furnaces 
could be kept in anything like proper or- 
der where every part is of such difficult 
access?” 

“The revival of mechanical stokers, 
which have been lying dormant on the 
other side of the ocean for a number of 
years, has resulted in the development of 
a number of machines, each possessing its 
respective merits, not only as regards the 
machine itself, but in the type of furnaces 
that form a part of the same. But taken 
as a whole, the expectations of the most 
earnest advocates of these machines have 
not been realized, and the inherent weak- 
ness or defect which presents itself in the 
greater number of them is the large amount 
of incandescent fuel that is dropped into 
the ashpit during the process of dumping 
the bars, which is necessary at frequent 
intervals. This entails not only a loss of 
the very best fuel in the condition to pro- 
duce the best results, but also wastes in 
the critical operation, a large volume of 
heat that should be retained and distribu- 
ted to do effective work. The most earn- 
est advocates of mechanical stokers recog- 
nize this, and it has become a matter of 
serious thought in considering this loss 
whether we are really better off than with 
first class hand firing or with a shaking 
grate. That there is room for radical im- 
provement in this direction is beyond all 
question, Dispensing with the dumping 
process, carrying with it great masses of 
rich fuel, would be heartily appreciated by 
those who are earnest advocates of the 
stoking principle.” 

As to securing a higher grade of intelli- 
gence in persons placed in charge of boiler 
rooms and their numerous appurtenances, 
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the effort to do this is not made because 
intelligence costs more in point of wages 
than ignorance. It does not follow that 
ignorance is the cheaper purchase. Were 
this the case the same line of argument 
would prove that “ it would be more prof- 
itable to have ignorance and its attendant 
waste surrounding us on every hand. If 
proprietors and progressive superintend- 
ents are willing, and | believe they all are, 
in general, to adopt mechanical devices 
when it is clearly demonstrated to them 
that their operation is such as is conducive 
to economy, and when they cheerfully 
place upon their plants, automatic damp- 
ers, shaking grates, water alarms, and such 
appliances, does it not seem to be a gross 
inconsistency that they halt, or hesitate, at 
least upon the question of a little invest- 
ment for more brains and intelligence ?” 


Evaporative Test of a Cornish Boiler. 

THE particular test here referred to was 
made with a Cornish boiler fitted with 
heat conducting web plates, the object 
being to obtain experimental evidence as 
to the effect of extending heat absorbing 
surface on the side exposed to flame and 
hot gases, thus increasing the surface re- 
ceiving heat materially over that impart- 
ing it to the inclosed water. The results 
were expected to give a more or less con- 
clusive answer tothe proposition that heat 
is much more rapidly taken by water from 
a given surface on the interior of a boiler 
than it is on the average, imparted by the 
gases of combustion to an equal extent of 
surface on the exterior. The test is de- 
scribed in Zhe Practical Engineer (Nov. 
16) by Michael Longridge, M. A. 

The subject of the experiment was, “a 
Cornish boiler, 15 feet long by 5 feet 6 
inches diameter, with one internal flue 
2 feet 9 inches diameter. Both flue and 
shell were made up of six rings of plate. 
Upon these rings were riveted angle irons. 
The metallic surface in contact with the 
gases was increased by these angle irons 
from 256 square feet, which would have 
been the heating surface of the boiler had 
the angle irons been absent, to 772 square 
feet. 

“The boiler was set in brickwork, and 


was covered on the top with ¥% inch of 
sand, one layer of bricks on edge 4% inches 
thick, and about 2 inches of composition, 
which was still wet when the trials were 
made. The brickwork and covering were 
exposed to the wind, the boiler being out 
of doors in a yard without any roof. The 
chimney was 33 feet high and 12 tnches 
square at the top. 

“The fire-grate consisted of 19 grate 
bars about 11 inches wide by 3 feet long, 
and of a dead plate 14 inches long, pierced 
with twelve holes 1 inch diameter, for ad- 
mission of air. The fire-door and furnace 
front were pierced with thirty-one holes, 
having an aggregate area of 6.6 square 
inches; and in addition there were two 
air conduits, one on each side of the 
fire-door, each of which had an area of 10 


CORNISH BOILER WITH RING PLATES. 
square inches. The gases, after leaving 
the internal flue, passed under the boiler, 
and returned by side flues to the chimney. 
The boiler was cleaned and the flues swept 
about a fortnight before the trials.” 
Notwithstanding this large increase of 
heat absorbing surface it is stated that 
very little, if any, increase of evaporative 
power was realized ; and as the advantage 
of extension of surface on what are known 
as the Serve tubes seems quite authorita- 
tively established, a question arises as to 
what condition exists in the test under 
consideration that does not obtain in boil- 
ers with Serve tubes. The answer is found 
in the want of molecular continuity be- 
tween the angle irons riveted to the plates 
of the Cornish boiler and the plates them- 
selves. It is impossible to bring these 
irons into anything like such continuity by 
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riveting them on, and this lack must cer- 
tainly and greatly interfere with the con- 
duction of heat from the riveted-on surface 
to and through the boiler plates. It is to 
be regretted that the evaporative capacity 
and efficiency of this boiler had not been 
determined before the angle iron exten- 
sions were riveted on, so that the exact 
measure of increase of evaporative power, 
if any, could have been determined. The 
position of the angle irons riveted on the 
shell is well illustrated in the cut, as also 
their arrangement in the flue. Probably 
most engineers will, on inspection, fail to 
see in the arrangement much analogy to 
the Serve tube boilers, and would in ad- 
vance expect just such a negative result as 
was obtained in the test. It would not be 
a matter of much surprise to learn that the 
result of such a test showed even dimin- 
ished efficiency as compared with the 
original boiler. 


The Economics of Lubrication. 

THE existing variety of opinion and ac- 
tion in the use of lubricants, is noted by 
way of introduction to an editorial on the 
subject of lubricants in the Razlway 
Gazette. Thisis more particularly treated 
with reference to locomotive practice, 
but the “ economics of lubrication ” extends 
to all fields of mechanical industry; the 
faults in practice found in any one of these 
are those which may be looked for in any 
of the others. Since these faults do not 
generally originate either in the lubricants 
themselves, or in the constructions to 
which they are applied, but in human de- 
fects, among which ignorance and careless- 
ness are included, and as remedies for 
existing faults must deal principally with 
the human side of the question, remarks 
pertinent to these as met with in any de- 
_ partment of mechanical engineering are 
necessarily general in import and applica- 
tion. 

As to the quality of lubricating materials, 
experience has shown that the best, even 
though high-priced, are the least expen- 
sive in the long run, or would be so if ap- 
plied economically. The wastes in lubri- 
cation are, however, enormous in practice, 
and there is no justification or valid excuse 


for the fact. ‘“ Every man should be we.. 
drilled in the use of lubricating material.” 
Of course proper provision for economical 
lubrication should be supplied in all ma- 
chine construction. 

“Aside from good mechanical condition 
of the parts to be lubricated, we should of 
course have the best form of oil cups and 
feeders, so that the flow will be regular 
but only as fast as the service requires, 
There are many forms of these, especially 
for locomotives, which will do their work 
properly if well cared for. All oil packing 
receptacles like journal boxes should be 
tight and protected by proper covers and 
guards, so that there shall be the least loss 
of material and the least influx of dust 
and dirt.” 

But when the best appliances and the 
best lubricants obtainable are provided, 
only the possibility of economical lubrica- 
tion exists; the probability of wasteful 
use is to be considered from the human 
standpoint. It is natural for the average 
man to be wasteful in the use of what 
costs him nothing. The morality of econ- 
omy, as a principle of action in all things, 
has rarely a place in the education of 
workmen. 

“The amount of material used by one 
man in doing certain work may be 50 per 
cent, more than that expended by another 
under about the same conditions. Many of 
the bearing surfaces on locomotives have 
to be oiled by hand, so that there is a 
great chance for relative saving or loss 
under this head. A constant supervision 
on the part of competent inspectors is 
necessary (no matter what their position 
is called), to see that all concerned are 
using the best methods to get good results. 
As a rule, those who are zealous in the 
service welcome suggestions, while those 
who object are usually persons with whom 
there is need of reform. The work of the 
car-oilers, in packing and oiling at stations, 
of trainmen with hot boxes on the road, 
and the work of individual enginemen 
with their engines, must all be carefully 
watched until the practice is uniform and 
efficient, and then it has to be kept so. 
The inauguration of this class of system- 
atic inspection, has resulted more than 
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once, under our own observation, in nearly 
doubling the mileage of a certain amount 
of oil on both enginesand cars. One valu- 
able feature in testing special oils has often 
been to show the managing officers how far 
the work done by the oil originally in use 
could be extended by careful watching and 
drill of the men, without causing delays 
from poor lubrication.” 

The enforcement of discipline in the 
matter of lubrication is no easy task in 
any extensive establishment. “It is easier 
to get good lubricating material at econom- 
ical prices than to get good men who will 
regularly practice economy with material 
which some one else pays for.” The only 
adequate remedy for this will be the culti- 
vation of the sentiment among workmen, 
that careless or wanton waste is on a par 
with careless statement of facts or willful 
and gratuitous falsification, and that these 
vices are equally dishonorable and de- 
grading to the man who indulges in them. 


A Convenient Degree Scale. 

Mr. FRANCIS W, CLOUGH, has contrib- 
uted to American Machinist a drawing of 
a very handy device which he has used as 
a substitute for a protractor and which he 
regards as much more convenient and 
accurate than any protractor or grad- 
uated Tee-square. This appears to be a 
real improvement. Mr. Clough is known 
to us as a man of such good mechanical 
judgment as to render valuable his opin- 
ion based, as he asserts, upon an experi- 
ence of a number of years with the device 
in question. We herewith reproduce the 
drawing and an abstract of the descriptive 
text. 

“ Figure I represents the top of scale, 
showing the graduation; at the right isan 
end view; the length between the extreme 
or end lines is just 12 inches; a margin is 
left at each end of scale for protection of 
end lines, 

“ The graduations increase in each divis- 
ion from zero to 45 degrees, more percep- 
tibly in the higher numbers than among 
the smaller number of degrees. The prin- 
ciple involved in its use is that with a 12- 
inch radius (24-inch diameter) measure- 
ment of angles to a greater accuracy can be 


obtained than with one or ¥% that size, 
and yet the scale is far less bulky than a 
24-inch diameter protractor. It is a well- 
known fact that certain angles can be quite 
readily obtained by measurement. As for 
example, a 45 degree line from a given 
point is quickly obtained by drawing two 
lines of equal length at right angles to each 
other, and joining the ends bya line. If 
one degree can be obtained by measure- 
ment, so any other degree in the circle 
may be as readily obtained if the proper 
measuring scale is at hand and understood. 

“The method of using the scale is sim- 
ply to measure off, say a horizontal line 
(though it may be a vertical line or oblique 
line) the length between the two end lines 
on scale = 12 inches; from that measure 
a vertical line from zero, the number of 
degrees desired, and connect the points by 
the oblique line. 

“ Figure 2 illustrates laying out a wedge 


A Convastant 


5% inches long, ¥ inch thick at point end, 
having a taper of 3 degrees, amounting to 
54 inch in 1 foot. The line A from X to 
X is 12 inches long; measure upon verti- 
cal line & inch, the thickness of point of 
wedge ; measure from the inch 3 degrees 
per scale, and join ends by a connecting 
line C, and we have a wedge 3 degrees 
taper. 

“ Figure 3 illustrates further use of the 
scale. The lines O O make an angle of 15 
degrees with the horizontal line; a recess 
is left in center of the figure. Now, to 
draw such a figure in outline, we may as- 
sume that the lines O O form an angle of 
150 degrees, each 75 degrees from a verti- 
cal line, or 15 degrees from a horizontal 
line; the result would be all the same, and 
as easily obtained by the scale. I have 
had occasions to use this scale where a 
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measurement of an angle was wanted with 
greater accuracy than could be obtained 
with the ordinary protractor. 

“T am not, however, without protractors, 
graduated steel square and other means to 
obtain angles, and ordinarily use them, but 
this scale gets there closer than any of 
them when required. I can assure you it 
is a neat job to graduate one, and if the 
maker has only a two-foot rule and scratch 
awl at hand, he had better postpone the 
attempt.” 

Mr. Clough says that in graduating this 
scale he used a generating circle of 57.3248 
inches in diameter. If, however, such 
scales came into general demand, it seems 
quite possible to construct a graduating 
engine that would do the work as accu- 
rately and cheaply as the graduation of 
other scales is now done, so that a scale 
of this kind could be afforded at a reason- 
able price. 


Areas of Contact Between Wheels and 
Rails, 

In this department for November we re- 
viewed two papers bearing upon the sub- 
ject of areas of contact between balls and 
cylinders pressed against resisting plane 
surfaces. It seems that for some reason, 
considerable attention is at present directed 
to this subject in different quarters. The 
latest utterance we have seen is acommun- 
ication from Mr. J. B. Johnson, to the Amer- 
ican Society of Civil Engineers, printed in 
their September proceedings and reprinted 
in the Razlway Review, Nov. 17. It includes 
a great number of diagrams giving out- 
lines of areas of contact obtained by ex- 
periments performed five years ago. 

« A section of a steel-rimmed locomotive 
driver 44 inches diameter and a section of 
a 33 inches diameter cast-iron car wheel 

‘were procured and mounted in a 100,000 
pounds Riehle testing machine. Short 
sections of steel and iron rails were also 
procured and placed in the machine, so 
that the wheel treads rested upon them in 
a normal position, They were then loaded 
with 5000 pounds increments, from 5000 
to 60,000 pounds, the area of contact being 
measured after each loading. The sur- 
faces of the wheel treads and also of the 


tops of the rails were highly polished, so as 
to become good mirrors, before the experi- 
ments were made. 

“The areas were obtained by marking 
with wet chalk the surface of the rail and 
rubbing it down, with a moistened finger 
and allowing it to dry. This gave a whit- 
ish appearance to the surface, with no ap- 
preciable thickness of film, and the actual 
area of pressure contact was clearly shown 
by a slight discoloration of this surface. A 
pencil line was passed around the border 
of this contact area, and then the area 
copied on tracing paper. The surface was 
then cleansed and examined for permanent 
distortion, and prepared for another load- 
ing. No permanent distortion was noted 
upon either rails or wheels at the contact 
surface up to the 60,000 pounds limit. At 
this loading, however, the web of the rail 
was observed to take a permanent set.” 

The plottings of areas obtained with 
different pressures strongly indicate that 
the areas vary directly as the pressures; 
or, as Mr. Johnson states it, “the load di- 
vided by the area of contact, or the average 
stress per square inch over the area of 
contact is a constant for all loads.” He 
finds this constant to be about 80,000 
pounds per square inch, “ but the distortion 
or compression of the surface at the center 
of these areas of contact is just twice the 
average distortion over the area, and since 
the loads seem to be within the elastic 
limit of the material, it follows that the 
intensity of stress at the centers of these 
areas of contact was twice the average 
intensity of some 80,000 pounds for the 
steel driver upon a steel rail, or the maxi- 
mum intensity of stress at the centers of 
these areas was for steel upon steel 160,000 
pounds per square inch. For the chilled 
cast-iron wheel 33 inches in diameter this 
maximum intensity was still greater as the 
area was less. These areas were obtained 
by placing two cylinders in contact their 
axes being at right angles.” 

Mr. Johnson, in closing the communica~ 
tion, expresses the view that the analysis 
of these two cases, namely acylinder upon 
a plane, and a sphere upon a plane, con- 
sidering the stress distributed over the 
areas of contact according to the laws of 
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the parabola and of the paraboloid, with 
due allowance for the distribution of the 
stress through the body of the roller, ac- 
cording to the laws already determined by 
Professor Marston, would show a close 
agreement between the computed and the 
actual areas of contact, and would serve as 
the last word on this subject from the 
mathematical point of view. 


Facts About Bolt-Making. 

THE importance as well as the difficul- 
ties of getting stock for bolts made of the 
proper size, to gage, are illustrated by a 
narration of the experience of a certain 
firm of bolt manufacturers which forms an 
introduction to an article by B. F. Spald- 
ing in Zhe Age of Steel, This concern, 
using annually over a hundred tons of half- 
inch round steel in the form of headed 
bolts whose threads are to be cut in bolt 
cutting machines, and from ¥% to 6 inches 
long under the head, found the greatest 
obstacle to their success lay in the imper- 
fect rolling of the iron. An amusing as 
well as instructive story is that of their 
inexperience up to the time when it merged 
into experience ripe enough for them to 
accept the advice of their superintendent 
and insist upon getting the stock made to 
a gage supplied by the latter. Manufac- 
turers urged that it was not “ practicable 
to roll iron any better, any rounder, or any 
nearer to the gage” than they were doing. 
The proprietors of the establishment re- 
ferred to, bringing this statement before 
the superintendent, he replied : 

“It is impracticable, perhaps, for the 
workmen to roll the iron properly and to 
the correct size in the rolls which they 
have to use and for the wages they receive ; 
but if the mill owners will keep their rolls 
in repair, and pay the men by the day, it 
will be practicable enough to get iron per- 
fectly round and accurate in dimensions, 
It is done in othercountries. Theiron we 
imported from England was round, and if 
you will look at the sample bolts which 
those bolt manufacturers sent, you will 
see that the iron they are made from is 
both round and of the right size. He 
went out into the blacksmith shop, and 


soon returned with a handful of short 
pieces of round iron, which he laid before 
the proprietors. Now, said he, you can 
see for yourself whether you would be 
willing to accept that kind of stuff as a 
proper legal fulfilment of the specifications 
of your contract for round iron. It is not 
picked out, but is a fair sample just.as the 
man is cutting it off now at the shears.” 
After an examination of the specimens 
they were at last convinced that the su- 
perintendent supported the right end of 
the controversy, and by dint of sheer per- 
sistence they “ have for the last ten years 
obtained their stock quite round and cor- 
rect in size.”” The result has been a great 
economy in the cost of manufacture. 

“Very great improvements have been 
made in cutting threads on bolts, and yet 
whether they are cut with old-fashioned 
tools, stocks and dies in the blacksmith 
vise, or with the latest improved solid die 
bolt-cutting machine, the cold fact still as- 
serts itself that it is extra work to remove 
extra stock. 

“It is not probable that many dies for 
cutting threads will cut so clear, clean and 
free, that they do not in some degree raise 
the thread. Even in cutting a V-threadin 
the lathe, with a single pointed tool, this 
effect is observed. One of the best author- 
ities on lathe practice makes this remark: 
‘ As the cutting edge of the threading tool 
becomes dulled (and this occurs in some 
degree from the first instant the tool is put 
in use), its action partakes of the nature 
of forcing, as well as that of simple cutting 
the metal, and this induces the tops of the 
threads to raise slightly above the diame- 
ter of the work.” 

A comparison between bolts made prior 
to 1864 and those made at the present time 
indicates a very great improvement. In 
the year named the special committee of 
the Franklin Institute presented their re- 
port on the question of a proper system of 
screw threads. The simplification to a 
uniform standard thus secured is only one 
of many benefits conferred up on the me- 
chanical industries of the country by the 
action and influence of the Franklin Insti- 
tute, 
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Chemistry of Iron. 

FROM the chemical no less than the 
metallurgical point of view the condition 
and the effects of the various foreign ele- 
ments present in iron and steel, either as 
impurities or purposely added, are always 
questions of the highest interest. Mr. 
John Parry has presented a notable paper 
on the subject before the South Wales In- 
stitute of Engineers, and his essay is repro- 
duced in the /ron and Steel Trades Journal. 
It is impossible within the limits of a 
review notice to give an adequate idea of 
this paper in a popular form, and but a 
few of the points considered can be men- 
tioned. 

The author begins by saying that it is 
now generally admitted that when small 
quantities of foreign bodies, amounting 
in some instances to little more than 
traces, are added to iron its physical prop- 
erties are thereby modified. “It would 
seem, however, that the part played by 
minute quantities of impurities in mod- 
ifying the quality of iron is not easily ex- 
plained by the ordinarily accepted theories 
of combination, solution or alloyage of 
one metal with another.” The author 
points out that no reasonable formula 
can be assigned to a substance like ordi- 
nary steel, with 99 per cent. iron and the 
small and varying quantities of other 
elements, and yet that it is well known 
that minute quantitative differences in 
the relative amounts of these latter have 
a marked effect. Still, he believes, some- 
thing akin to chemical combination must 
take place, since mere mixtures do not 
exhibit the phenomena of such combina- 
tions. 

After remarking that it is not so long 
ago that the one-hundredth of a foreign 
element was disregarded by practical iron 
makers, the author proceeds to review 
some of the earlier hypotheses as to the 
constitution of iron and steel, which ap- 
peared to be endowed with peculiar physi- 
cal properties not due solely to chemical 
variations. In consequence chemical 
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analysis was considered as giving in most 
cases unreliable data, and that there were 
changes in physical properties to which 
analysis gave no clue. He considers it re- 
markable that the older metallurgists had 
really very nearly anticipated some of the 
theories recently advanced as to the allo- 
tropic state of iron. But the advent of 
the Bessemer process demolished earlier 
views by showing the necessity of ascer- 
taining very accurately the chemical com- 
position of the metal. Going to “what 
some are inclined to think” the opposite 
extreme, it was conceded that quality was 
practically a function of the composition 
of both iron and steel, while latterly there 
have been indications to modify this view. 
A plausible explanation of the discrep- 
ancies between chemical and mechanical 
tests may be found in the differences in 
temperature during manipulation. “At 
present there seems to be a common agree- 
ment that although the analysis alone 
is not reliable, and that the physical 
properties of steel are not always in accord 
with chemical analysis, yet the latter is 
an important factor which must not be 
ignored when endeavoring to forecast 
quality.” In support of this the investi- 
gations of Webster are cited. 

The relations of carbon to iron are 
peculiar, it conferring certain properties 
which do not pertain to other elements in 
steel; hence, as the author shows, while it 
is necessary in steels for certain uses where 
hardening, tempering and annealing are 
desirable (as in tool steel), in other steels 
(as for boiler and ship plates) it should be 
suppressed on account of unreliability. 
The three different states of carbon in iron 
and steel are described, and the author 
calls attention to the infusibility of carbon 
as placing it upon a different footing from 
the metals and metalloids, although later 
on he mentions the fact that the carbide 
of iron is the only compound yet isolated. 

Mr. Parry goes rather deeply into the 
intricate subject of the relation of atomic 
weight to atomic volume, and the bearing 
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upon percentage weights in the total com- 
position of steel; and here he follows in 
the lines laid down by Roberts- Austen, but 
thinks that the practical application of 
these facts is difficult and that we have not 
yet sufficient data. “ Throughout it ap- 
pears that heat plays an important part in 
modifying not only temporarily, but per- 
manently, the physical properties of the 
metal ... and the relative chemical mo- 
bility seems a function of the temperature 
applied.” 

Finally the author suggests for discus- 
sion the revival of an old theory—that 
“‘steel may be regarded as an intimate mix- 
ture of pure iron with other chemical 
compounds, such as sulphur and phospho- 
tus compounds. . . These alloys must as a 
rule be of a lower fusion point than iron and 
may serve as a species of flux or cement, 
binding the iron together.” 

Future Coal Fields of Great Britain. 

SOMETHING of a revolution in the geol- 
ogy of coal, as currently stated in the text 
books, has been started by Professor Lap- 
worth, who ina recent lecture has advanced 
‘certain propositions which, although recog- 
nized by field geologists, either do not 
appear in the books of reference or are 
passed over with scant comment. In this 
and in some other respects the elementary 
text books are ata disadvantage because 
of limited space in which to discuss ques- 
tions about which there is at least room 
for argument, and also because of the 
desire (and perhaps necessity) of putting 
things ina hard, dogmatic form that can 
be grasped by young students and thus 
avoid the danger of confusing their impres- 
sions. An abstract of Professor Lapworth’s 
lecture is given inthe Col/éery Guardian, 
and indicates that it is a noteworthy con- 
tribution to the literature of economic 
geology. ‘“ About a generation ago,” the 
speaker pointed out, “it was believed that 
coal was only formed at one special period 
of theearth’s history [omitting the Tertiary 
examples, which were then not prominent] 
but the discoveries of the last twenty years 
have shown that coal could be formed at 
any period, and in any region, wherever 
there existed those moist, warm and par- 


tially flooded conditions demanded for its 
formation.” This appears axiomatic; but 
the issue hinges upon whether these favor- 
able conditions existed only at certain 
definite periods or at any andall. As it 
happened that in Europe, where geologic 
science had its origin and where observa- 
tions were most numerous, the coal beds 
were almost wholly of Carboniferous age, 
that age was thus named asthe coal-forming 
age par excellence. Later when the lignites 
and brown coals of the western United 
States became prominent, a solitary excep- 
tion was noted. Professor Lapworth goes 
a step farther, and after citing a long list of 
coal fields not of Carboniferous age comes 
out with aclear and frank expression of 
the most advanced geologic opinion: 
“ Indeed,” he says, “it may be regarded as 
certain that coal is being formed in enor- 
mous quantities at the present day in many, 
if not all, of the great flood plains and 
deltas of tropical and sub-tropical rivers.” 
Selecting the great flood plain and delta of 
the Mississippi as an illustration of one of 
these growing coal fields, he showed how 
the natural phenomena of such a district 
might afford the requisite conditions for 
the formation of coal, in part from plants 
growing in place, and in larger part from 
washed-in material. 

The leading mo/¢zf of the lecture was the 
outlook for the future of British coal re- 
sources—a most critical question, for the 
commercial and manufacturing supremacy 
of Great Britain is based upon its available 
stock of fuel. Professor Lapworth believes 
that all the well-known data, practical and 
theoretical, point to the conclusion that all 
the Midland coal fields are merely the vis- 
ible fragments of a single delta-like sheet 
largely buried beneath an overlying and 
continuous sheet of red sandstone, and 
that the coals must extend practically un- 
broken beneath this red sheet from coal 
field to coal field, within, however, certain 
original geographical limits beyond which 
coal would not be looked for, and he cites 
several observations in support of this view. 
“Every area in which coal might be ex- 
pected must be carefully studied by itself 
individually, and only those spots selected 
for trial shafts which have the greatest 
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number . . . of probabilities in their 
favor.” To this might be added that, as 
the probable depths are so extreme, the 
diamond drill is the most economical 
means of exploration. Should Professor 
Lapworth’s hypothesis of parallel condi- 
tions between British coal fields and others 
of later date and still forming hold good, 
a few test cores from any depth not me- 
chanically prohibitive for mining—say 
down to 6000 feet or so—ought to show 
whether the coal, if it exists and is of work- 
able thickness, can be profitably mined. 


Chemistry in the Foundry. 

SOMEWHAT similar to the early develop- 
ment of chemistry in blast-furnace work 
has been its recent history in the foundry 
—a gradual and at first slow departure from 
empirical methods, in which chemistry 
played little or no part, to a more syste- 
matic and scientific procedure. The Zug?- 
neering and Mining Journal traces this 
analogy in evolution along similar lines ; 
notes that early trial in the foundry, as in 
the smelting furnace, sometimes resulted 
in failure; alludes to the experiments of 
pioneer chemists, and takes pleasure in 
observing that progress is now rapid, al- 
though much remains to be learned in this 
direction. ‘One trouble,” says the Jour- 
nal, ‘‘has been that founders and others 
will not recognize that a knowledge of the 
chemical or physical features of either pig 
iron or castings is not sufficient,” and 
points out that many small details of 
operating have much to do withthe results, 
“ Neither the chemist alone nor the founder 
can bringabout the best work ; it requires 
both in one, the chemical knowledge com- 
bined with the practical ability; and the 
latter is the result only of experience.” 


The Coolgardie Gold Fields. 

’ AN interesting letter about this new gold 
district of Western Australia is copied by 
the Australian Mining Standard from the 
Bendigo Advertiser. The writer was there 
in the early period of the excitement and 
depicts the features common to all great 
mining rushes, to which are superadded 
some incidents peculiar to the arid region 
in which the new discoveries lie. His view 


is realistic and entirely conservative. “The 
exaggerated information about Coolgardie 
and the new finds, as filtered through the 
press, causes one to wonder when the 
boom will end and what will be the result. 
. . + Coolgardie and the surrounding 
gold fields are undoubtedly one of the best 
avenues for young men in Australia for 
advancement in life. They will have to 
take their chance; . . but it is a 
strange fact that not more than one-third 
of the number that have arrived have re- 
mained. . . . Newrushes are of almost 
weekly occurrence, but the great majority 
of them prove complete duffers.” 

A graphic pen picture is presented of a 
rush to one of the new finds, the ‘“ Wealth 
of Nations.” It is hardly fair to condense 
this lively account into a few words, but 
the salient points may give some idea 
of how a rush is started and how 
it results: On the afternoon of mail 
day, when the crowd were waiting for let- 
ters at the post office at the main camp, 
a camel train was noticed coming in at a 
brisk walk until it stopped at the bank. 
Throngs gathered around to see what the 
loads were. The camels were unloaded, 
and it could be seen from the heavy pack 
bags that a large find had been made.— 
People flocked from all sides eagerly dis- 
cussing the find and its probable locality. 
The discoverer was besieged by anxious 
questioners, but remained mute, After a 
while, an impromptu show was given in one 
of the rooms of the bank, to which the 
public were admitted in parties of six. A 
table was set out with some of the nuggets 
and rich rock. One piece, “ Honest John,” 
of 150 pounds “with gold standing out 
like peanuts from the quartz,” was the 
chief attraction. Instantly the excitement 
increased and hurried preparations were 
made to set out in search of the “find,” 
and parties of prospectors were out almost 
at once; but it was not until two days 
later that the way was made known. The 
course lay through an arid region where 
the only water to be had was at far sepa- 
rated “soaks” where the government had 
placed catchment tanks; so water was the 
principal freight carried. When the cor- 
respondent reached the place, water was 
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selling at $1.25 a gallon. A patrol of 
troopers were out to keep order, but there 
were attempts at claim jumping. Small 
“alluvial” claims were rapidly staked off 
around the discovery point, and active dig- 
ging began. As is usual, a very few men, 
a dozen or so, were successful, but the 
great majority found little or nothing. 
The gold hunters kept thronging in and 
going away disappointed, and the hard- 
ships were severe. ‘ Nobody is considered 
anybody here,” says the writer, “who has 
not done a ‘perish,’ that is, been without 
water five or six days.” Evidently pros- 
pecting around Coolgardie is not exactly 
a “picnic,” in either the literal or the 
slang sense of the word. From the time 
the letter was written until this notice of 
it appears some three months have 
elapsed, during which the cables have 
brought much later news, showing that 
things have settled down to more sys- 
tematic shape, and while work is now on 
a more extensive scale the first wild en- 
thusiasm has considerably toned down. 


Electro-Deposition of Gold. 

THE already extensive literature of the 
cyanide process hasa recent addition in a 
paper contributed by Mr. E. Andreoli to 
Elektrische Zettung and translated by the 
Electrical Review, The author begins by 
saying that to dissolve gold from its ores 
by means of a cyanide solution is one 
thing; to catch the dissolved gold is an- 
other thing, rather difficult, as gold can- 
not be precipitated from a cyanide solution 
by iron sulphate or sulphuretted hydrogen, 
as froma chloride solution. He considers 
the usual method of precipitation in zinc 
shavings as a crude one, which “ ought 
soon to be replaced by a more rational and 
practical method of electrolytical deposi- 
tion,” and then refers to the Siemens 
electrolytic precipitation process, in which 
lead is used as acathode. He considers 
the weak point in all such systems (in- 
cluding the mercury one) to be the 
important question of anodes, which 
does not seem to him to have been very 
successtully settled. He ridicules the idea 
of using zinc as an anode, mentions the 
use of carbon, and says that the question 


of iron anodes has not been well under- 
stood, studied or worked. The electro- 
lysis of a very weak solution of potassium 
cyanide and gold comes to almost the 
same thing, he believes, as the electrolysis 
of plain water. Mr. Andreoli, comment- 
ing on a statement by another writer in 
regard to strength of solution, remarks 
that “ electroplaters will be much surprised 
to learn that a weak solution is as good as 
a strong one.” The Siemens solution is 
extremely weak and the intensity of cur- 
rent very low. The article contains sharp 
criticisms of other statements that have 
been advanced as to this process and is 
especially combative of a paper lately 
read by Mr. A. von Gernet before the 
Metallurgical Society of South Africa. 


Coal Interests of Southwest Virginia, etc. 

A CORRESPONDENT of the American 
Manufacturer who has just made an ex- 
tensive tour of observation through the 
coal fields of southwestern Virginia, West 
Virginia, Kentucky and Ohio, makes an 
interesting report as tothe probable future 
magnitude of the coal and coke produc- 
tion of that region and especially of the 
two Virginias, when the owners of the 
beds shall have constructed a few more 
lateral, tributary, branch railroads to tap 
the whole area. Already the coal and coke 
travel of the two main lines runs up into the 
millions of tons annually, although the in- 
dustry is still in its infancy. These roads 
traverse what the writer believes will ina 
few years be conceded to be the greatest 
and richest field, in quantity and quality 
combined of the coals, in all the world. 
Up to 1880 the very existence of the im- 
portant deposits of southwestern Virginia 
was not only unknown but denied on pro- 
fessional authority. At present numerous 
mines are in active operation and many 
are remote from each other, indicating 
values in the intervening areas yet un- 
opened. In a little more than a dozen 
years scores of millions of dollars have 
been there invested in the building of rail- 
roads, towns and furnaces, the opening of 
mines, the construction of coke ovens near 
them and of wharves at seacoast terminals. 
The writer deals in strong statements, but 
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disclaims any overestimate or exaggera- 
tion. The Imboden bed is described as 8 
feet thick without a parting,and known to 
extend over an area of 50 or 60 square miles. 
Here a bench of 50 ovens is to be soon 
in Operation as a beginning, to supply iron 
furnaces so situated that the ores, cok- 
ing coals and limestone are in the imme- 
diate vicinity of each other. This (the 
Big Stone Gap) district is an example of 
others cited that are in the neighborhood. 
Near Colburn is the property of one coal 
and iron company having 55,000 acres of 
coal land in Virginia and 45,000 in Ken- 
tucky, and the product from only eight of 
its mines yet opened is 50,000 tons a 
month. Another company is building 400 
coke ovens there. About 100 miles dis- 
tant (with little mining being done now in 
the intervening space on account of the 
financial depression) is the Flat Top or 
Pocahontas field, so well known for its 
high-grade steam and coking coals and 
for its already great output. The corre- 
spondent could find no one to tell him 
just how many ovens were in operation, 
but saw “ hundreds upon hundreds in full 
blast,” and says that for miles the lateral 
ravines and gorges have been seized upon 
by coke burners. He gives a vivid de- 
scription of what he saw: ‘ Looking down 
upon such a scene as is here presented for 
miles, into the red-hot ovens, licking out 
their fiery tongues of flame, from amid 
the smoke and soot-blackened men mov- 
ing hither and thither, one has a vivid 
realization of some of the scenes in Dante’s 
‘Inferno.’” His language is not all so pic- 
turesque, as he gives many details of more 
practical import; but asserts that “ cen- 
turies hence will hardly witness the ex- 
haustion”” of the Pocahontas beds, with 
their great area and thickness. 


New Applications of Iron and Steel for 
Structural and Mining Purposes 

AT the last conference of the British 
Iron Trade Association Mr. Jeremiah 
Head read a paper on the above subject. 
It is quoted in the /ron and Coal Trade 
Review, The author questioned whether 
as much had been done as might be in 
Great Britain to stimulate the demand for 


iron and steel in directions other than 
railways, shipbuilding and tin plates, which 
are three of the chief channels of consump- 
tion, and showed that in the United States 
and on the continent of Europe a great 
deal more had been attempted and 
achieved in the way of applying iron and 
steel to other and more general uses, more 
especially in substitution for timber, bricks 
and stone. The paper first deals with the 
use of iron and steel for public and pri- 
vate structures, in which wrought and 
cast iron have been used for beams and 
columns and now steel is used not only in 
floor beams and columns, but also in the 
frames of windows, roof work, supports 
for roofs, and even in the foundations 
in connection with concrete—in fact in 
everything that assists in carrying weight, 
so that many buildings are practically all- 
steel structures. The full extent of this 
movement is difficult to estimate, but Mr. 
Head mentions the large number of Amer- 
ican iron and steel companies that are 
giving more attention to structural steel 
than to any other branch. More than 20 
per cent. of the total production of steel 
ingots in the United States is now absorbed 
in the structural specialties. 

Another great prospective use for steel 
is in the construction of railway cars, in 
which timber is expected to be supplanted 
by steel not only for the under frames but 
for the entire framework. Mr. Head es- 
timates that there are now at least 2% 
million vehicles of all kinds on the rail- 
roads of the world, not counting locomo- 
tives. The maintenance and increase of 
this stock represents, he thinks, a certain 
positive demand upon which the steel in- 
dustries may safely reckon. The sugges- 
tion of Mr. A. E. Hunt to use an iron- 
aluminum alloy for this purpose is referred 
to, with the remark that the difference in 
price will for some time to come prevent 
that alloy from being placed in favorable 
competition with steel. 

The use of iron or steel for shaft frames 
and props in French coal mines is said to 
be becoming very general. “ Here again,” 
says Mr. Head, “ isan application from the 
adoption of which in Great Britain and 
some of its dependencies a new demand 
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may jbe expected. The extent to which 
timber is used in mining is enormous, and 
if only it could be shown to be of advantage 
to substitute steel its use would rapidly 
extend. The cost of steel is lowerin Eng- 
land than in France, so that if it pays to 
adopt it in the latter country it would be 
still more likely to pay in the former.” 
{Here is food for thought for managers of 
mines in some parts of the United States, 
where timber is dear and steel, relatively 
speaking, cheap.] 

Besides the cases mentioned at some 
length, the author remarks that there are 
many others in which the use of steel 
might be introduced or extended with ad- 
vantage, as for ornamental purposes, for 
balconies, doors, windows, conservatories, 
fencing and a multitude of other uses. He 
calls attention to the pains and expense 
incurred by the German Iron Trade Asso- 
ciation in publishing a work designed to 
bring under the eye of all who are con- 
cerned in building operations the advan- 
tages to be gained by the substitution 
of steel, which is thought to have already 
had the effect of directing more attention 
to the subject and of enlarging the area 


of steel consumption for constructive 
uses. 


Losses in the Fire Assay. 

IN a paper read at the October meeting 
of the American Institute of Mining Engi- 
neers Mr. H. V. F. Furman discusses the 
question of losses in the fire assay for gold 
and silver. The purpose,of the paper is 
to call attention to the desirability of more 
uniform methods of assay. The sources 
of error, the author points out are im- 
proper sampling, losses of the precious 
metals during fusion, scorification and 
cupellation, imperfect elimination of the 
base metals in the cupel, and imperfect 
extraction of the silver in the parting by 
nitric acid. Of these losses that during 
fusion is the greatest source of error. In 
cupellation the temperature is a more im- 
portant factor than the quantity of lead or 
of base metals other than lead. The diffi- 
culty of removing the last traces of silver 
from the gold is recognized, and the au- 
thor suggests certain precautions in part- 
ing. A table is given showing the results 
of experiments to determine the losses in 
the crucible assay of ore. 
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Utilization and Purification of Sewage. 

IN this department of our December 
number, was described a system of irri- 
gation by sewage carried out at the city of 
Trinidad ; and while it was stated that this 
was a new departure in the United States, 
reference was also made tothe fact that 
the system had made considerable prog- 
ress in European countries. A very com- 
prehensive editorial in 7he Engineer (Nov. 
9) not only indicates that this system has 
progressed to what may be properly called 
a somewhat extended use, but also lays 
down the principles which must be 
observed in carrying out the method in 
order that it may be successful in fertiliza- 
tion of the soil, and at the same time be 
regarded as safe from a sanitary point of 
view. 

First, as to the time the system of fer- 
tilization by sewage has been in use, it 
may be said that it is of ancient origin, 
being “the oldest method adopted for 
dealing with a national and social problem, 
which, in point of magnitude, gravity, and 
urgency, has now assumed proportions that 
have rarely been equalled and probably 
never surpassed.” More than three hun- 
dred years ago Bunzlau, in Prussia, 
disposed of its sewage in this way, Edin- 
burgh, in Scotland, utilized its sewage 
nearly two centuries ago; and Milan in Italy, 
ranks nearly with Edinburgh in the early 
adoption of this method. In Asia, the use 
of sewage for fertilizing land was practiced 
earlier than in Europe. 

Purification of sewage and its utilization 
are distinct methods, though both may be 
employed together. As to the question 
“whether the agricultural utilization of sew- 
age should include a preliminary process of 
purification or clarification before it is 
passed on to the land (not necessarily by 
chemicals) is a subject concerning which 
engineers and scientists are not altogether 
agreed.” When applied in the raw state 
it may be attended with danger to public 
health by saturating the soil with septic 


elements, and this is a question to be care- 
fully pondered before adoption of sewage 
irrigation for any town, no matter how 
urgent the case may be. Whether this is 
likely to occur or not, depends somewhat 
upon the soil upon which the sewage is 
distributed; “but a great deal more upon 
the character and quality of the sewage 
itself.” It is certain, also, that the 
manner of application of sewage to land 
has an important bearing upon the ques- 
tion of danger. A certain quantity varying 
with the nature of the land, can be 
absorbed. Any surplus over this remains 
to contaminate the immediate locality it 
may be toa dangerous extent. At Edin- 
burgh, where raw sewage has for a very 
long time been applied to soil, evil results 
have not followed. 

“Tt should not, however, be forgotten 
that this statement should be qualified by 
another, which is to the effect that the 
Craigentenny meadows are never allowed 
to be saturated persistently with sewage. 
When a sufficient quantity has been run on 
to them, the surplus is carried away to the 
sea. At Berlin, which, with its acquired 
land of 19,000 acres for sewage farms, is 
supposed to set an example to the rest of 
the world, both the broad irrigation and 
filtration principles are put into practice. 
A difference worth notice is made in the 
treatment of the plots upon which crops 
are grown and those used for the cultiva- 
tion of grass, In irrigating the former, 
the sludge is allowed to pass on to the 
land with the sewage, and consequently 
remains there after irrigation, when it is 
ploughed deeply into the ground. In the 
case of the sewaging of the grass plots 
there are catch pits provided which inter- 
cept the sludge, as it was found that it 
clogged the surface and seriously interfered 
with the growth of the grass. When raw 
sewage is turned on to land the latter acts, 
no doubt, in the first place as a simple 
mechanical filter, leaving the heavier and 
coarser particles on the surface. The liquid 
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portion which contains the dissolved in- 
gredients and the lighter and smaller par- 
ticles in suspension, penetrates into the 
soil, and thus accomplishes the double puri- 
fication already referred to.” 

The sewage farms of Gennevilliers, near 
Paris, are said not to be regarded with the 
same admiration by French sanitary en- 
gineers as would be inferred from their 
frequent citation in argument by advocates 
of sewage utilization. French farmers 
however, who are thus enabled to raise 
profuse crops without paying for fertilizing 
material, are loud in its praise. The qual- 
ity of Paris sewage, is however, very much 
better adapted to sewage farming than 
that of many other towns, in which dis- 
charges of various materials into sewers as 
wastes from manufacturing establishments 
are abundant. As _ illustrating the prin- 
ciple that quality has much to do with the 
practicability of this method of sewage dis- 
posal, the history of sewage works at Wol- 
verhampton, England, is instructive. 

“ The sewage farm there was purchased 
some twenty-five years ago, and occupied 
a site possessing the advantages of receiv- 
ing nearly all the sewage of the borough 
by simple gravitation. For some years the 
local authorities made most laudable at- 
tempts to effect agricultural utilization by 
means of the broad irrigation principle 
and that of intermittent downward filtra- 
tion. Their efforts were unfortunately all 
in vain, and they were ultimately driven 
to the conclusion that precipitation, or a 
preliminary treatment of the raw material, 
in some form or another, must be under- 
taken‘before it could, with any beneficial 
results, be turned on the land. The fact 
was that the sewage was rendered so foul 
by the quantity of refuse, waste water, and 
by-products of the numerous trades and 
manufactures in the town and district 
that it was utterly unfit to be applied di- 
rectly in its crude state to the soil. It was 
found that when the sewage of only fifty 
persons on one acre was the proportion 
employed, the purification effected was of 
most perfunctory character, notwithstand- 
ing that the percolation extended to a 
maximum depth of 6 feet. By excluding 
as much as possible the storm waters from 


the sewers, by the construction of precipi- 
tation works, by the erection of a plant for 
pressing and consolidating the sludge, and 
by the proper preparation of the quantity 
of land for the final treatment of the 
effluent, the Sewerage Committee has suc- 
cessfully overcome the difficulties formerly 
besetting it.” 

But a still worse set of- conditions was 
encountered at Nuneaton, England. Here 
materials discharged into the sewage are 
positively destructive to vegetable life. 
Utilization for fertilizing is not attempted, 
but simply clarification to an extent that 
will permit the liquid to be discharged into 
the nearest stream. Precipitation by the 
lime and alumina process, followed by fil- 
tration through sand and polarite, are the 
means by which clarification is effected. 
The chemical treatment has sometimes to 
be repeated before the material is brought 
to a proper state for filtration. 

The fact that chemical treatment does 
not always purify, but only clarifies sewage 
ought not to be overlooked. Mere clear- 
ness of the liquid is not complete evidence 
of its purification. As to the assertion 
that if in this state “ it be discharged into 
a river, it will, after a brief period revert to 
the same condition of impurity and pollu- 
tion as it possessed previously to precipi- 
tation,” it is replied that ‘‘ experiments 
conducted at Salford with polarite, and 
also with an electrolytic process, tend to 
rebut this theory.” The electrolytic pro- 
cess promises well, but its cost is rather 
high. 

Estimates of the extent of land needed 
for the complete utilization of the sewage 
of Paris and London have been made. 
For Paris the estimate made of 150,000 
acres is thought in England to be largely 
excessive; and, based upon results at Ber- 
lin, an estimate of 60,coo acres is judged 
enough to utilize the entire sewage of 
London. 


Color of Water. 


THE objectionable appearance of potable 
water supplied to many cities is a matter 
of notoriety. This arises principally from 
the presence of vegetable matter, and ina 
paper on the subject by Desmond Fitz- 
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gerald and William E. Foss, in the Journal 
of the Franklin Institute for December, 
this subject is considered with reference 
to scales for measuring the amount of the 
discoloration. An example of such dis- 
coloration is met with in water taken from 
the Sudbury river which is one of the 
principal sources of supply for the city of 
Boston. 

“The area of the water-shed above the 
point of taking, is about seventy - four 
square miles. On this area several large 
storage reservoirs have been built for the 
purpose of equalizing the yield of the 
streams. As the sites of the reservoirs 
have been mostly stripped of all organic 
matter the effect of storage is to reduce 
the color of the water delivered by the 
feeders, but as it is impracticable to keep 
the water stored long enough to decolor- 
ize it completely, much study has been 
given to the source and amount of the 
color delivered by the streams supplying 
the reservoirs, and it has been found, as 
was expected, that the swamps and mead- 
ows were the principal sources of color. In 
July, the color of the water coming from 
the swamps isa rich reddish-brown, and in 
autumn, after the leaves have fallen, the 
color has more of a greenish cast. The 
color of the brooks varies constantly dur- 
ing the year, depending largely upon con- 
ditions which cannot be now discussed. 
In winter the color is naturally low, in the 
spring the color is high, reaching its maxi- 
mum in June, and a second maximum 
occurs in December. 

“In making plans for the improvement 
and drainage of the swamps it became im- 
portant to be sure of the measurement of 
the colors, and as the color of the Boston 
water is almost an exact gage of the 
organic matter which it contains, it also 
became important that the color of the 
water delivered to the consumers should 
be readily and accurately measured on 
some correct scale,” 

The method of transmitted light with 
what are known as nesslerized ammonia 
standards has been found for various rea- 
sons not to be satisfactory, and an attempt 
to replace them by natural water standards 
has proved the latter to be also open to 


REVIEW OF THE INDUSTRIAL PRESS. 


objection, They do not change their color 
so rapidly as the nesslerized ammonia so- 
lutions do, but it is difficult to standardize 
them by the nesslerized solutions because 
of the difficulty of insuring similarity of 
conditions in preparing the solutions, 
Other difficulties were also encountered 
which, added to the one already noted, 
renders it desirable to seek a different 
standard. This has been found in the 
platinum standard recently suggested by 
Dr. Allen Hagan, originally described in 
the American Chemical Journal, Vol. XIV, 
No. 4. For the method of preparing this 
standard and its use, the reader must con- 
sult the paper itself, which contains also a 
great deal of useful information relative to 
this kind of work which will be highly 
serviceable to engineers in charge of water 
works, and is also of general scientific in- 
terest. 


Improved Methods in Laying Asphalt Pave- 
ments. 

FROM the annual report of Capt. Chas. 
T. Powell, Engineer Commissioner of the 
District of Columbia (300 pages) an ex- 
tract on the subject named ts printed in 
Paving and Munictpal Engineering. This 
is of general import, and it contains in- 
formation relating to a class of street im- 
provements now in active progress in most 
of our large cities. 

The proportion of stone dust in asphalt 
mixtures for paving should be considered 
with reference to the quality of the sand 
as relates to the size grains. The function 
of this dust is regarded by Mr. Powell as 
being to “stiffen the cement” in voids 
between granules. With the rather coarse 
sands of the Potomac river he has found it 
well to use 15 per cent. of stone dust, thus 
obt« ning a “tougher and more desirable 
surface.” To shorten the time heretofore 
needed in refining asphalt the following 
method has been adopted: ‘“ The depar- 
ture has consisted in the use of high-press- 
ure steam in large gangs of pipe as a source 
of heat and a jet of air or of live steam as 
a means of agitation of the mass of pitch, 
thus preventing the formation of a core 
and the overheating of that portion of the 
pitch adjacent to the shell of the still. A 
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considerable saving of time and material 
has been accomplished in this way, but it 
is still an open question as to how the 
quality of the product will compare with 
the old process material. In this connec- 
tion the form of test for refined asphalt of 
allowing a certain sized lump of the mate- 
rial to flow down an inclined glass at tem- 
peratures above its flowing point, side by 
side with certain standard pieces, which 
Prof. Bowen has developed, has proved of 
value, as it shows the relative softness of 
materials and smoothness or lack of im- 
purities.” 

It is added that “the oiled asphalt has 
shown an improvement, being more uni- 
form in consistency. The use of a new 
hot roiler in front of the regular roller, 
which has been introduced as a substitute 
for the ordinary oiler hand roller, is stated 
to have proved a distinct advance over the 
old method, in going over the freshly- 
raked surface mixture for the first time. It 


keeps all oil from reaching the surface, as 
occurred with the hand roller, and obvi- 
ates the necessity of having men walk upon 
the surface before it has been compacted, 
thus giving a much more uniform consis- 
tency to the whole mass.” 

Asa partial or complete substitute for 
the broken stone, in the present hydraulic 
base of broken stone, sand and natural 
hydraulic cement, Capt. Powell thinks it 
would be desirable to try a “ good river 
gravel,” and he asserts that ‘concrete 
made of gravel rams much better than that 
made from broken stone, and can in con- 
sequence be made much drier, and is pro- 
portionately stronger.” 

“In the same way as in hydraulic con- 
crete, [| would recommend that experi- 
ments be made; directed toward determin- 
ing the possibility of substituting gravel 
for broken stone in binder. The objection, 
which has been raised, that such a binder 
would roll, I do not think can be sustained.” 
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Prevention of Train Robberies—The Cald- 
well Bill. 

A COMMUNICATION from Mr. Charles L. 
Loop, general auditor Southern Express 
Company, to the Raclway Age (Nov. 9) 
strongly favors the passage of what is 
known as the Caldwell bill, introduced in 
the house of representatives Sept. 16, 
1893. The text of the bill, which it seems 
might be improved in point of grammati- 
cal construction, is given below. 

SEC. 1. Be it enacted by the senate and 
house of representatives of the United 
States of America in congress assembled, 
that any person or persons who wilfully and 
maliciously displaces or removes a railway 
switch, cross-tie, or rail, or injures a rail- 
road track or bridge, or does or causes to 
be done an act whereby a locomotive, car, 
or train of cars, or any matter or thing ap- 
pertaining thereto, is stopped, obstructed, 
or injured, with intent torob or injure the 
person or property passing over any rail- 
road engaged in insterstate commerce, 
and in consequence thereof a person is 
killed, shall be guilty of murder. 

SEC. 2. That any person or persons 
who wilfully and maliciously displaces or 
removes a railway switch, cross-tie, or 
rail, or injures a railroad track or railroad 
bridge, or places an obstruction on such 
track or bridge, or unlawfully and malic- 
iously displays, hides, or removes a sig- 
nal or light upon or near to a railroad, 
or unlawfully and maliciously does or 
causes to be done anything with intent to 
rob or to injure a person or property pass- 
ing over such railroad engaged in inter- 
state commerce, shall, on conviction, be 
imprisoned at hard labor not less than one 
nor more than twenty years. 

SEC. 3. That any person or persons 
who unlawfully or maliciously throws or 
causes anything to be thrown, or to fall 
into or upon or to strike against a railroad 
train, or an engine, tender, car, or truck, 
with intent to rob or to injure a person or 
property on such train, engine, car or 


truck engaged in interstate commerce, 
shall, upon conviction, be imprisoned at 
hard labor not less than one year nor 
more than twenty yesrs. 

Sec. 4. That the circuit and district 
courts of the United States are hereby in- 
vested with full and concurrent jurisdic- 
tion of all causes or crimes arising under 
any of the provisions of this act. 

In the support of the measure Mr. 
Loop makes use of the strong argument 
that the very next step in train-rob- 
bing will be the looting of passengers. 
The suggestions of plans of inventions 
of burglar-proof cars, of schemes for as- 
phyxiating train robbers, etc., have been 
as plentiful as the typically numerous car 
couplers, but any scheme for a traveling 
fortification is as impracticable as it would 
be for any person to go habitually clad in 
armor to prevent assassination or highway 
robbery. The greatest protection against 
train robbery must exist in public senti- 
ment, or in fear of the law. That the train 
robbers do not fear the law is evidenced by 
their increasing number. That the express 
companies do take precautions to prevent 
robbery goes without saying, although 
their means is not necessarily for publica- 
tion. It is a matter of fact, in which all 
express companies will doubtless concur, 
that the amounts expended in the efforts 
to detect, apprehend, and convict train 
robbers far exceed the amount of money 
actually lost by the robberies.” 

It is thus seen that the suggestions 
made in some quarters that the express 
companies run burglar proof cars, is not 
regarded as affording a solution of the 
probiem. A reason assigned forthe rapid 
increase of this crime is newspaper exag- 
geration of the amounts stolen. ‘“ For ex- 
ample, the recent robbery of the Adams 
Express Company on the R. F.& P.R. 
was heralded all over the country as in- 
volving a loss of $180,000, whereas one- 
tenth of the amount would have been a 
more accurate statement. Vicious per- 


757 


| 
i 
| 
“4 


758 REVIEW OF THE INDUSTRIAL PRESS. 


sons, not previously guilty of highway rob- 
bery are led by reading these circum- 
stantial accounts of robberies and the 
extraordinary amounts presumed to have 
been taken, to consider with what ease and 
facility they may suddenly enrich them- 
selves.” 

It is, moreover, urged that “ the low rates 
received by express companies for the 
transportation of money would not be any 
compensation for the extraordinary ex- 
pense that might be necessary to manu- 
facture and haul burglar-proof cars.” 

The provision in section 4 of the bill, it 
is stated, has excited “ some opposition on 
account of state rights.’ It would seem 
that in a matter of such national impor- 
tance, such a consideration should be set 
aside, and that some measure at least as 
stringent as the proposed bill should be 
enacted. 


The Puzzles of Rate Making. 

UNDER this title 7e Railroad Gazette 
editorialiy discusses the answer of the 
Louisville and Nashville road ‘in the suit 
of the Cincinnati Freight Bureau to com- 
pel the road to reduce rates from Cincin- 
nati to southern cities, as ordered by the 
Interstate Commerce Commission,” and 
also “the answer of the Northern Pacitic 
and the Great Northern to an order of the 
railroad commissioners of North Dakota 
requiring those roads to reduce their rates 
on coal.” Both these documents exem- 
plify the difficulties that beset the subject 
of rate-making.” 

“ The points in the argument of counsel 
are numerous. Lawyers are noted for ad- 
ducing innumerable reasons why their 
client should not be made to suffer; but 
while asa rule nine-tenths of such reasons 
may be nothing but sawdust, when it 
comes to freight rate-making, in a country 
grid-ironed with railroads, this rule does 
not hold good; there the lawyer who sets 
out to ‘stump’ the judge or jury does not 
have to rake up whimsical arguments, for 
he has enough good ones. Any one who 
thinks rate-making is simple work can 
learn a good deal from the two cases we 
refer to.” 

“The pith of the defense’ 


made by 


counsel for the Louisville and Nashville 
road is that the commission has made a 
mistake in adjusting rates over this road 
from Chicago by those from New York, 
which have to be reduced to compete 
with the low water rates southward from 
New York along the Atlantic Coast. 

“It is obvious that no human being is 
competent to fairly consider all the ele- 
ments in a comparison of all the claims of 
Chicago and New York when they are 
competing for the sale of a box of soap in 
Alabama.” In their answer counsel also 
allege that * cost per ton-mile is not a just 
measure of reasonableness of rates" and 
the commission is regarded as “ here again 
treading on insecure ground.” 

* The average cost per ton is so atfected 
by the kind of freight that a road hauls 
most of, that this argument is probably no 
whit better than to take the granger’s 
original and all-embracing claim : ‘ you are 
making too much money and we propose to 
have make you make less.'”’ 

It is finally alleged that “in naming 
rates to a number of cities and requiring 
the road to go on and follow out the same 
rule in making tariffs for other cities not 
named, the commission asks an impossi- 
bility.” This claim of counsel, is viewed 
as technical only, as it is thought that if the 
road in question made in good faith an 
effort to carry out the requirements, the 
commission would be satisfied with their 
best efforts, not exacting what can clearly 
be shown to be an impossibility. 


Sharp Flanges. 

A SHARP flange,” says the S/reet 
way Journal for December, ‘‘ may be tech- 
nically defined as one in which the part of 
the flange next the rail has become verti- 
cal. The extent of this vertical surface or 
its depth may be said to determine the de- 
gree of sharpness which does not, as might 
be supposed, necessitate a razor edge upon 
the flange. Another definition of a sharp 
flange would be a wheel in which the flange 
is so worn as to be without flare. A sharp 
flange mounts the rail with extreme ease, 
regardless of the actual depth of the flange 
itself, and hence is always likely to produce 
a derailment from the most trifling cause. 
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The reason for this is not at once evident. 
With a vertical side the five-eighths flange 
of anordinary thirty-inch wheel will touch 
the rail for four and a half inches in ad- 
vance of the point of contact between 
wheel tread and the rail. The whole of 
this surface is an actual grinding contact 
with a rail of ordinary section. The result 
is a powerful lifting action, greatly aggra- 
vated by any side motion, by dirt or other 
obstruction. In this way, the forward 
revolution of the wheel is constantly tend- 
ing to throw the car from the track. A 
very similar case, which all who are famil- 
iar with steam-engines will call to mind, 
illustrates the point; it is the ease with 
which a governor belt jumps off from the 
double flanged pulleys on which it runs. 
These pulleys have vertical flanges, often 
of considerable depth.” This state of a 
wheel, which is considered as very danger- 
ous, is illustrated in the diagram repro- 
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FIG. 1 OUTLINE OF FULL FIG. 2 FLANGE ON 

AND OF SHARP FLANGES IMPROVED RAIL SECTION 
duced from the journal quoted, which also 
asserts that no other defect is more likely 
to produce accidents, 

One cause early assigned for this defect, 
was that the two wheels being put on the 
axle without regard to their roundness or 
equality of size just as they came from the 
foundry, and one being softer than the 
other, the soft wheel in some way or other 
acquired the shape indicated. Ditference 
in diameter would tend to cause “ one 
wheel to run forward,” and thus “ force the 
opposite wheel against the rail.” But in 
modern practice great care is taken to size 
the wheels accurately and hence this cause 
can no longer be considered valid. ‘ The 
diameters of two wheels on the same axle 
are practically obtained to within the 
thirtieth of an inch. 

“«Trucks out of square,’ or a want of 
parellelism between the two axles of a 


truck, is now considered one of the most 
frequent causes for sharp flanges. At least, 
recent experiments point to this as the 
case. If squaring gages are not carefully 
used, this is often an unexpected cause. 
Even by the employment of gages it is 
not always easy to determine the absolute 
parallelism of the axles, nor can it always 
be established that they dre also at right 
angles to the rails. It may also happen 
that, while the axles are at right angles to 
the track, and parallel to each other, the 
wheels do not ‘track’ properly. In other 
words, while the axles form with the side 
bars of the truck the four sides of a paral- 
lelogram, it is not rectangular. In such 
cases the diagonal distances from tread to 
tread will not be equal. Intrucks without 
attached bodies, gages from center to 
center of brasses can be used for the pur- 
pose of testing this point. 

“Trucks that start square in the world 
not infrequently become distorted by se- 
vere usage, in accidents, etc. On steam 
roads such distortion was not uncommon. 
But as the gaging was by no means as 
difficult as on the street railways, there 
was little excuse for such a condition. On 
street cars, the difficulty of tracing this 
want of parallelism in the axles becomes 
very great, and much of the trouble of 
sharp flanges undoubtedly might be 
avoided could this one cause be more 
carefully controlled.” 

However, if a remedy can be found it is 
not worth while to speculate at length 
upon the occult causes of the defect, 
although remedies, when their action is 
well understood, ought to suggest causes, 
and this appears to have been the result. 
The chief cause is now considered to lie 
in a faulty shape of the head of the 
rail. The wheel tends to assume a form 
according with that of the rail. “Some 
years ago, several steam roads in this 
country, in investigating this subject, 
came to the conclusion that if the corner 
of the rail was not sharp enough to cut a 
groove in the wheel, sharp flanges would 
not result. In other words, they believed 
that the wheel wearing against the rail 
finally took the form of the rail head. 
Acting upon this, a rail head was designed, 
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which should more nearly fit the ordinary 
form of wheel when new. An outline of 
this head is shown in Figure 2. The dot- 
ted outline shows how the sharp flanged 
wheel, in Figure 1, would ride upon such 
a rail, and it also clearly proves that such 
a rail is incapable of wearing a wheel into 
any such form as that shown in the first 
figure. In a word, the theory was that 
though there might be numberless reasons 
to determine the cutting, yet if the cutting 
member is so shaped or formed as to make 
an effectual barrier against the production 
of the undesirable form of wheel, the 
trouble will be avoided, and sharp flanges 
become a thing of the past. Several roads 
adopted the form of rails shown, and with 
the most satisfactory results.” 

Subsequent investigation has proved the 
soundness of this view, and the adequacy 
of the remedy applied. It may be laid 
down as a principle in mechanics, that 
where mutual wear takes place between 
the surfaces, that which under the existing 
conditions must wear the more rapidly 
will gradually approximate in form to that 
which wears least. In this principle is not 
only indicated the cause but the remedy 
for sharp flanges. 


Corrosion of Rails iu Tunnels. 

A REMARKABLE example of corrosion of 
a rail in Musconetcong tunnel on the Le- 
high Valley railroad, is illustrated in the 
accompanying diagram which accompanied 
a description of the same in the Razlroad 
Gazette (Nov. 23). It 
that all this damage should have resulted 
in the time the rail was in the tunnel, but 
“The section 


is almost incredible 


facts are stubborn things. 
shown in dotted lines is the original from 
the rail; the full lines show the loss of ma- 

It was originally a 
The diagram is to a 


terial by corrosion,” 
76-pound steel rail. 
scale 144”=1”" 

“The rail had been in tke track five 
years. It will be observed that much the 
greatest loss by corrosion is in the bottom 
flanges, the loss from the top and running 
side of the head is of course from wear. 
It seems a Curious circumstance that the 
loss was so laryely from the under side of 
the flange. There is little diminution of 
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the thickness of the web, and the under 
side of the head seems to have lost very 
little. 

“From E. J. Dorsey, supervisor, we have 
ascertained that there can be no question 
about the two sections having originally 
been alike. The worn section was cut 
from a rail where it rested ona tin plate, 
but the same results are shown where the 
rail was on the tie itself. The roadbed is 
practically solid rock bottom, and it is im- 
possible to change the surface on account 
of the limited space. The track has there- 
fore little or no elasticity. The tunnel is 
very wet and the rails slippery and a good 
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CORROSION OF RAILS IN TUNNELS, 
deal of sand must be used. This collects 
along the rail and works underneath the 
base, adding no doubt, to the wear by fric- 


tion between the rail and the tie or tie 
plate. This influence, acting with the cor- 


rosion caused by the gases, wears the rails 
out very fast.” 

Is it not possible that, issuing from the 
rock in the tunnel there may be some gas 
of an acid character that has aided in the 
rapid destruction of the rail? If there 
is so much drip in the tunnel, the water 
absorbing such a gas would become a 
Is it not also pos- 
sible that as a part of therail rests on a 


very active reagent. 


tin plate a certain amount of galvanic ac- 
tion is set up throughout the entire length 
of the rail? Such action, if set up, would 
not be likely to be confined to the near vi- 
cinity of the tin plate. 
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Car Lighting. 

THE subject of car lighting with reference 
to its influence upon the passenger traffic 
of competing roads, and as related to the 
comfort of travelers who patronize rail- 
ways, is well discussed by a correspondent 
of The Railway Review. The traveling 
public demand some better and safer 
method of car-lighting than kerosene 
lamps. It is urged that “the day has gone 
by when passengers will longer be satisfied 
to make long or short after-dark journeys 
in poorly lighted cars. The long dissatis- 
faction on this score has been much en- 
hanced by the fact that one-sixth of the 
passenger, mail and sleeping cars now 
running on American roads are lighted by 
Pintsch gas, and most people who travel 
have made a few journeys in cars thus 
lighted, andthey have thus learned that 
cars can be well and safely lighted. This 
has made them less patient with the 
ancient kerosene contrivances which still 
prevail on many roads, and as a conse- 
quence the roads running the best lighted 
cars get most of the after-dark travel. 
This was demonstrated on the Broadway 
and the Third avenue roads of New York 
when they put in Pintsch lights. Three 
lamps to a car were used, with four burn- 
ers toalamp. The resulting growth of 
trafic was both rapid and permanent; 
thousands of people who had previously 
ridden in the kerosene lighted cars of 
the Manhattan elevated railway, im- 
mediately changed to the well lighted 
cable cars, where their eyes were not 
strained to read their papers.’ 

The writer of this protest claims to have 
been a considerable night traveler by rail 
and also a very considerable reader, and 
he speaks from experience of the great 
annoyance that attends the use of badly 
trimmed, frequently smoking, and always 
foul-smelling kerosene lamps with which 
the majority of cars are lighted. As to 
electricity, it is doubtful that it will ever 
be extensively used for car-lighting except 
on electrically operated railways, and 
hence gas, which has long been proved the 
best car illuminant yet discovered will 
doubtless ultimately become the chief re- 
sort for this purpose. The danger in the 


use of kerosene as a source of fire in 
wrecked trains is pointed out, although 
this seems much less than that attending 
the use of stoves, which has been largely 
abandoned. To substantiate the claim of 
danger in the use of kerosene lamps, a 
number of cases of destruction by fire of 
mail cars alleged to have been thus caused 
are cited. 7 


Strategic Mountain Railways. 

THE term “strategic” has been ap- 
plied to railways which were not wholly 
designed for military purposes in time of 
need, being used for ordinary traffic in 
time of peace, but which are, however, 
specially located and adapted for military 
service in time of war. Among the more 
remarkable of these are such as are 
specially intended to facilitate mobiliza- 
tion of troops over mountain ranges. An 
enumeration of the latter, and a descrip- 
tion of their leading features form the sub- 
ject ofa serial begun in Engineering (Lon- 
don, Nov. 2), and written by C. S. Du 
Riche Preller, who has recently inspected 
some of the more important examples of 
railways with steep inclines. 

In the category of “strategic mountain 
railways,’ are not included such lines as 
the Mont Cenis, St. Gotkard, Arlberg, 
Brenner and Semmering, though in time 
of war these would be important lines of 
military communication; they are prop- 
erly to be considered as great international 
highways, and as such form a category 
apart. 

* On the other hand, some of the moun- 
tain trunk railways of Switzerland, no less 
than a similar line recently opened in 
Japan, may fairly be included, foralthough 
not, perhaps, of immediate or paramount 
strategic interest, they yet form important 
links in the defensive communications of 
these two countries, while, in time of 
peace, they serve, in common with the 
other lines, the purposes of ordinary traffic. 
The railways to be briefly considered are 
therefore, those of Usui Pass in Japan, 
the Black Forest, the H6ll Valley, and the 
Waldshut and Impendingen (Buchberg 
Pass) in the Grand Duchy of Baden, 
South Germany ; the South-Eastern (Alt- 
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matt Pass) in Switzerland, and the Sara- 
jevo and Konjica line (Ivan Pass) in Bos- 
nia and Herzegovina.” 

Particulars of the Usui Pass railway in 
Japan, opened last year, are at present of 
much interest, as the attention of the 
world is now centered on that remarkable 
country. 

“The line is on the 3.5-foot gage, and 
the incline is laid with treble 20 millimeter, 
Abt, rack, steel bars. As Mr. Pownall 
rightly observes, the incline is essentially 
what Mark Twain would call ‘a railway 
decorated with tunnels,’ there being in the 
total length of five miles no less than 26 
tunnels, of an aggregate length of 2.6 miles. 
It might be added that it is also a railway 
‘decorated with bridges,’ for of these there 
are no less than 34 in number, The total 
rise is 1573 feet and the gradient is nearly 
uniform, viz., 1 in 15, or 6,66 per cent., 
while the curvature is comparatively easy, 
the minimum radius being 13 chains. The 
permanent way, laid with steel sleepers, is 
of a very substantial character. The whole 
line is worked with Abtadhesion and rack 
or so-called ‘combination’ engines, built 
at the locomotive works of Kessler & Co., 
Essligen, Wurtemberg. The first engines 
sent out, of about 36 tons (10 tons tractive 
power and 260 horse-power), are now being 
replaced by a more powerful type of 50 
tons, capable of hauling, under the indif- 
ferent conditions of adhesion in the tun- 
nels, a load of 100 tons at five miles per 
hour.” 

In South Germany, of the mountain 
lines classed above as strategic, the Wald- 
shut and Impendigen railway is regarded 
as a typical railway of this kind, although 
descriptions of the others are given. It is 
the most costly of all the German railways, 
“a strategic mountain railway in the strict 
sense of the term, with long sidings at 
every station for military trains, The 
stipulated gradient of one per cent. on 
the mountain section, viz., on the divide 
of the Rhine and Danube’ watersheds 
formed by the Buchberg necessitated an 
extensive development of the line by 
means of an extraordinary series of serpen- 
tines and helicoidal or spiral tunnels... 
which render the line one of the most re- 
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markable of its kind.”” There are six of 
these tunnels aggregating three miles in 
length, and four viaducts, all in a distance 
of sixteen miles. The total cost ofthe line 
(47 miles) is stated to have been $4,356,000. 


Railroad Cars and Practice in England. 

RETURNING from a trip in “the old 
country to the United States, Mr. Ed- 
ward Webb, foreman of one of the depart- 
ments of the Laconia Car Company thinks 
his impressions of English cars, and of 
English railway practice in general, may 
prove of interest to American readers. 
Accordingly, in the Razlroad Car Journal 
for November, he prefaces an account of 
what he recently saw with a statement 
that he left England when a young man 
(1859), and then makes a comparison be- 
tween the status of things in railway prac- 
tice as it was more than thirty years ago, 
with what is now in vogue. 

Admitting that he sees things differently 
after thirty years’ familiarity with railway 
appliances than when in adolescence he left 
England and came to the United States, 
he says the railway cars of to-day look to 
him very much as they did at the former 
date, and that though they must, in the 
nature of things, have shared somewhat in 
the general onward progress, “an English 
car is an English car, and you cannot look 
at it inany other light,” and that ‘no Amer- 
ican traveler in England can fail to notice 
the difference between English and Amer- 
ican Cars. 

« The baggage arrangements would drive 
an American nearly crazy. <A first-class 
passenger is allowed 120 pounds, third class, 
60 pounds. He has to look after it him- 
self, no checks being given; so if you are 
going a long journey and have to make 
three changes of trains, which is not im- 
possible, you have the pleasure of three 
times going up to the baggage car at the 
station where you ‘change’ and hunt for 
your baggage. If baggage is left at the 
station it must be booked and paid for at 
the rate of four centson each piece. This 
secures it for 48 hours; after that time 
there is a storage charge of two cents each 
day for each piece. The company is only 
responsible for ‘ booked’ baggage. 
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SCIENTIFIC MISCELLANY 


Suggestions for an Index for Technical 
Literature. 

THE pressing need for an index of the 
kind named in the title, a brief history of 
the attempts made to supply it (most of 
which have failed to give what the public 
wants, while a number have been discon- 
tinued for want of financial support), and 
suggestions for an index that shall “avoid 
the failings of those already existent,” are 
topics treated in a paper by Prof. George 
D. Shepardson in the 7ransactions of the 
American Institute of Electrical Engineers 
for November. The paper demonstrates 
that while it is not very difficult for any 
man to state his particular idea of what an 
index of technical literature ought to be, 
it has not been an easy matter to supply 
just what is wanted by the public. No one 
has yet been found to publish such an 
index solely out of a desire to benefit 
technical students and readers, and no 
one, until this magazine evolved it, has 
been able to produce such an one as would 
draw to it a substantial financial support. 
As well known, we began this index tenta- 
tively, and by feeling the public pulse, so 
to speak, we have been able to gage our 
progress toward that form which on the 
whole, as the demand for it compels us to 
believe, meets with wider approbation than 
any other. This effort has involved an 
amount of labor, to say nothing of expense, 
which few would be prepared to appreci- 
ate. The following are some of the at- 
tempts that have been made in this line as 
named by Prof. Shepardson. 

“Perhaps the greatest of these is the 
‘Royal Society Catalogue of Scientific 
Papers,’ consisting of eight quarto volumes 
of about 1000 pages each. This was com- 
piled under the auspices of the Royal 
Society of England, and was printed by 
the English government at public expense. 
It gives alphabetical lists of titles and au- 
thors of scientific papers published in every 
civilized country, between the years 1800 
and 1873, but exclusive of technical and 
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professional papers.’’ Prof. Shepardson 
thinks next to this stands Poole’s Index of 
Current Literature, published in this coun- 
try by private enterprise. The first vol- 
ume, compiled with the codperation of 52 
libraries, indexed 6200 volumes which were 
published during the period from 1803 to 
1882 and containsabout 1000 references to 
articles on electrical subjects that appeared 
in popular and scientific journals. The 
second volume, to which 97 libraries con- 
tributed, covers the period from 1882 to 
1887, and contains about 600 references to 
articles on electrical subjects. The third 
volume, compiled with the codperation of 
122 libraries, covers the period from 1887 
to 1892, and gives about 500 references to 
electrical papers. The volume for 1893 
gives about 1oosuch references. In Poole’s 
Index there is some attempt at classifica- 
tion of electrical papers and there are a 
few cross references. 

“The Descriptive Index of Current En- 
gineering Literature, compiled from the 
monthly summaries in the Journal of the 
Association of Engineering Societies, gives 
an excellent résumé of engineering litera- 
ture between 1884 and 1891. This is de- 
voted principally to civil engineering, but 
gives about 30 pages with 700 references to 
electrical papers. Most of the references 
indicate the character of the papers. The 
The index 
in the Journai of the Association of En- 
gineering Societies is commendable in that 
it prints the indices on only one side of 
the leaf, so that they may be cutand re- 
arranged according to the ideas of the 
individual. The Journal foreach Decem- 
ber contains a summary of the monthly 
indices of the year. 

“The American Institute of Electrical 
Engineers published in its Transactions 
for about three years, 1886 to 1888, an ex- 


cross references are excellent. 


cellent index of current electrical literature 
compiled gratuitously by a gentleman too 
modest to have hisnameappear. Volume 
v of the Transactions contains about 
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5100 references, volume vi about 5800, and 
the first numbers of volume vil contain 
about 1500 references. Some of these are 
accompanied by descriptive notes. 

“The first volume of Galloupe’s £x- 
gineering Index, compiled and published 
by private enterprise, gives about 28 pages 
with 1500 references to articles on electri- 
cal subjects appearing in the years 1883 to 
1887. The second volume, 1888 to 1892, 
gives 61 pages with about 3300 references, 
titles and authors being given. 

“Excellent indexes have appeared in 
THE ENGINEERING MAGAZINEand in £lec- 
trical Engineering, the tigures tor which 
are not at hand. Recently Power 
has launched out into this tield. The di- 
gest of foreign literature in the £éectrica/ 
World is commendable, but confessedly 
incomplete. Extended indexes are pub- 
lished at intervals by the French and Ger- 
mans. A index, published 
weekly at Leipzig, aims to give tables of 
contents of a number of journals arranged 
in the alphabetical order of their places of 
publication, Doubtless there are other 
indices not known to the present writer, 

“To the mind of the writer, the most 
ideal index yet attempted was that pub- 
lished at first inconnection with Evectrzcal 
Eng tneering and later as a too short-lived 
publication by itself under the name of 
Electrical Literature. The printing of the 
indexes on separate sheets, perforated and 
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tied together, each sheet being devoted to 
a single subject, combines the advantage 
of flexible classification of subjects with 
ease of arranging the sheets from month 
to month so as to make the bibliography 
of each subject consecutive and up to date. 
Having the sheets loose and perforated for 
binding with brass clips or cords, allows 
each individual to supplement the printed 
sheet by his own notes or additional refer- 
The publisher is also able to add 
sheets descriptive of later or earlier me- 
moirs without impairing the integrity of 
previous work, It should be and doubt- 
less is a matter of sincere regret by the 
electrical and mechanical engineering pro- 
fession that this publication was forced 
to suspend on account of lack of financial 
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support, 
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“ Another valuable, but less extensive 
index was published in the //ectrical 
World, vol, xii, p. 6, July 1, 1893, by J. 
Stanford Brown, giving about 375 refer- 
ences to papers on ‘ Accumulators in Prac- 
tical Work.’”’ 

It is evident that the chief obstacles to 
continued and systematic indexing of 
technical literature have proved to be in- 
surmountable on any of the lines of which 
details are above given. Some included 
too little, otherstoo much. Financial sup- 
port was lacking undoubtedly because that 
which was desired in common by a suffi- 
cient number was not furnished. That THE 
ENGINEERING MAGAZINE has been more 
fortunate in its attempt to do this than 
others, is due to the fact that a scheme 
with hard and fast lines was not planned 
in the outset, but that the present method 
has been slowly evolved, and its scope ex- 
tended to meet the ascertained wants of 
those who patronize it. Not that it has 
been, or ever will be, possible to suit every 
one; to attempt this would be even more 
impracticable than the adoption of a rigid 
scheme in advance of the knowledge of 
what is most wanted. But the effort to 
find out what is wanted by the large ma- 
jority of readers and to meet this want as 
nearly as possible, has resulted in the pres- 
ent form of indexing titles, which together 
with the facilities afforded for obtaining 
the indexed articles has succeeded beyond 
the most sanguine expectations. Prof. 
Shepardson outlines the requirements for 
a technical index such as would meet his 
views, as follows: 

“It should include subjects relating to 
electrical, mechanical, hydraulic and civil, 
and perhaps engineering, It 
should index books as well as periodicals. 
The references should be descriptive so far 
Each subject should have 
a page by itself. Digests and simple refer- 
ences might be on separate sheets. Ref- 
erences and sheets on some subjects 
might be numbered consecutively for con- 
venience in adding later notes from other 
files or from later publications of the same 
articles. Abbreviations or other symbols 
should indicate whether the reference is to 
the original paper or to re-print, whether 
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the paper is in full or abstract, whether ac- 
companied by discussion and by plates or 
illustrations. The separate sheets should 
be perforated for re-arranging and re- 
binding and should be printed on one side 
only. It might be preferable to print the 
whole index of cards similar to those used 
in the card catalogues of libraries. 

“In this way it would be practicable to be- 
gin publication at an early date and to issue 
parts at frequent intervals. The indexes 
to current publications could be issued 
without delay, and those of completed files 
or historical works could appear as the 
work proceeded. Publishing the work in 
sections would allow each engineer or 
student to purchase or subscribe for only 
such subjects as were of importance or 
interest to him. Indeed the work, if car- 
ried out properly, would result in so 
massive a catalogue that few outside of 
libraries or other public institutions could 
afford to obtain the entire work.” 

It is frankly admitted that such an index 
as will be an improvement over existing 
ones can only be produced by “ the codper- 
ation of a large number of people, as was 
Poole’s index to which over 122 libraries 
contributed,”’ and “that it will require the 
expenditure of a considerable amount of 
money, and will probably not be self sup- 
porting.” Unless some public benefactor 
shall arise who would be willing to provide 
a permanent fund to supply deticiencies, 
the scheme therefore seems visionary and 
impracticable. 


Mental Training—A Remedy for Educa- 
tion. 

THIs title indicates something startling. 
Is education really injurious, that a remedy 
needs to be supplied for it? William 
George Jordan, in 7he New Scrence Review, 
speaking of ‘education as we know it to- 
day,” expresses this view. It can scarcely 
be said to be original with him, since 
others have not only thought, but publicly 
expressed the same opinion. The modern 
system of cram, produces a sort of mental 
fatness, as the forced feeding of geese fits 
their livers for the manufacture of pies. 
Mental alertness, agility, precision, which 
should result from proper mental training, 
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are replaced by dull perception, sluggish- 
ness, inaccuracy. 

“There are two things that education 
should do for the individual—it should 
train his senses and teach him to think. 
Education as we know to-day, does not do 
either; it gives the individual only a vast 
accumulation of facts, unclassified, undi- 
gested, and seen in no true relations. 
Like seeds kept in a box, they may be re- 
tained, but they do not grow. For years 
the mind is filled with facts that the mind 
is not trained to digest. To the physical 
body food is of value only when digested ; 
so it is in the mind with mental food ; but 
if digestion were made continuous, perfect, 
and ever equal to the supply of food, over- 
feeding, either in mind or body, would be 
impossible. But in the education of to-day 
the digestion is not equal to the feeding.” 

This is a grave charge, not made as “a 
criticism of the splendid work of individual 
teachers, professors, and other educators 
who have been successful,” but directed 
against the system of modern education. 
Whatever success these eminent instruct- 
ors may have had “has been in revolt 
against conventional machine methods.” 
The object of teaching should be to 
“quicken, intensify,and develop the work- 
ing of the mind.” It should “train every 
sense, every faculty, every memory, every 
power, part and phase of mind, every men- 
tal muscle, making it supple and instantly 
responsive.” 

This obviously implies that the use of 
the mind is not analogous to that of a 
great warehouse, though even in ware- 
houses there is usually some order in the 
way things are put away, so that they can 
The mind 

It should be as ready to 
Mere passive receptivity 
never yet was characteristic of 
power. 

“With the intellectual 
brilliancy, the proper thing to say, comes 
as an afterthought. An afterthought is 
but a beautiful possibility designed to fit a 


readily be found when wanted. 
should be active. 
give as to take. 

mental 


most persons 


lost opportunity. It 1s no more helpful to 
a man than a flattering epitaph on his 


tombstone. With most persons this wit is 


like a night telegram,—it is not delivered 
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until the next morning. Man expects his 
hand to be instantly ready to perform any 
motion of which it is capable; but he is 
resigned if his mind does not work quickly. 
He says that readiness is born with people; 
it cannot be acquired. If a man’s heart, 
lungs, or stomach are weak, he consults 
specialists, and never gives up until he 
obtains relief. But if he cannot remember 
names or faces; if he is subject to that in- 
tellectual remorse known as afterthought ; 
if he has no eye for color, or taste for mu- 
sic; if he has no command of language; if 
there is lack of power in any respect in his 
mind, he is perfectly resigned, and says, 
‘Iam as God made me, and so | must re- 
main.” When man fails he always does 
this. He says,‘I am as God made me’; 
but when he succeeds, he proudly pro- 
claims himself a ‘ self-made man.” 

The faculties of the mind are “ impres- 
sion, repression, and expression,” which is 
only claimed to be a sort of a rough classi- 
fication. The first of these categories in- 
cludes the senses, through which percep- 
tions of external things reach the mind. 
Repression is used as a synonym for 
memory “which by cerebration analyzes 
all this raw material, combines, recom- 
bines, deepens and classifies it ready for 
expression. . . . Expression uses the 
material the senses have received and 
memory has classified,—in writing, speak- 
ing, clear formulation in words, drawing, or 
some other form of outward activity.” 
The impressions received in modern 
schools are compared to geological strata, 
lying upon and concealing each other. 

“Does not all the inability of an ordi- 
nary college graduate lie in matter of ex- 
pression? Is his mind quick to analyze a 
new subject and to see it in its new re- 
lations? To ask a good question? To 
give a quick illustration? To make a fair 
description? To be ready in conversa- 
tion? To sum up, to epitomize, to form- 
ulate his own views? To make a general- 
ization? He has information, but so has 


a library; he has a vocabulary, but so has 
a dictionary. To be of service to him in 
the battle of life his information and his 
vocabulary must be held in immediate 
readiness. 


Mental training recognizes 
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these three divisions; gives each careful 
exercises to keep each in its best condition 
as a part of the instrument, and then trains 
the mind to pass every impression through 
the trifold process—a training that soon 
results in automatic action. 

“One illustration out of anumber show- 
ing deficiencies in training the senses, is 
that ‘men fail in spelling, hopelessly sur- 
rendering to the belief that they can never 
learn to spell, because the power of visual- 
izing words has never been developed.’ 
Pronunciation of words is hardly ever en- 
tirely correct because the sense of hearing 
has not been trained to detect nice dis- 
tinctions between different sounds. De- 
fects in penmanship result from lack of 
suitable muscular training, and the training 
of the eye to detect differences in form. 
That with any one sense weak, our impres- 
sion of the whole is weakened in propor- 
tion” is a mostimportant proposition, An 
illusion is not a failure of one or two 
senses only to derive correct impressions 
of external objects, it involves the decep- 
tion of all, or at least so many that wrong 
impressions preponderate, and right im- 
pressions are too feeble to correct the 
erroneous ones. 

“Constant training in words is a vital 
part of mental training. When the pow- 
ers of expression are strengthened and 
exercised, they react upon the faculties of 
impression. The more clearly we can ex- 
press ideas, the more accurately and read- 
ily can we receive them, This one great 
need in education to-day is passed by with 
a trivial recognition that is a disgrace to 
education.” The rigidity of systems in 
modern public schools is denounced. 
Both teachers and pupils work in one 
groove constructed by some superintend- 
ent, who fancies his ideas are original and 
superior to all others, and whose methods, 
nine times out of ten, are reflections of his 
own defective training. This has the 
effect of suppressing all originality on the 
part ofthe teachers employed, and native 
genius for teaching is thuscramped, An- 
other mind is interposed between that of 
the pupil and his instructor, which like an 
impenetrable screen prevents direct and 
close contact. 
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Prof. Dewar’s Latest Experiments. 

In the Mew Scéence Review, an able 
quarterly recently started in New York, the 
second number of which is rich with the 
newest discoveries in science, and with 
discussions of scientific topics now taking 
front rank in importance, the first of the 
leading articles is by Prof. James Dewar 
who has won a world-wide fame by his 
brilliant experiments in the liquefaction 
and solidification of gases through the 
influence of extremely low temperatures. 
From time to time the results of these ex- 
periments have been noted and their pos- 
sibilities have been pointed out in these 
departments. Some results not antici- 
pated have, however, been reached, and it 
is with unexpected phenomena of fluo- 
rescence or phosphorescence, that Prof. 
Dewar deals in his paper. 

It is editorially explained in a foot note 
that Prof. Dewar’s health having been im- 
paired by overwork, only the first portion 
of the article was written by him ; but the 
material furnished by him for the comple- 
tion of the paper has enabled an account 
of his experiments, in lines indicated by 
the title, to be prepared. 

The effects of the extremely low tem- 
perature obtainable by the evaporation of 
liquid oxygen, which, as Prof. Dewar has 
shown is capable of condensing atmos- 
pheric air to a liquid and even congealing 
it, modify some physical properties which 
bodies manifest at ordinary temperatures 
and this in quite unexpected ways. For 
instance, contrary to general anticipation 
the property of elasticity is found to be 
much increased. 

“This modification of elasticity—both 
longitudinal and torsional—was clearly 
shown by cooling spirals of very soft metal 
in liquid oxygen to —180° C., when they 
became perfectly rigid and sonorous, like 
iron. The influence of similar cooling 
upon hard steel was demonstrated by com- 
paring the notes from two tuning-forks in 
perfect unison. On cooling one to —180° 
C. its elastic constants were modified, 
thus causing it to vibrate more quickly 
than the other, while the number of beats 
showed the increased elasticity.” 

Iirect chemical reaction, and voltaic 


action appear to cease at a temperature of 
180° C, (93° C. above the absolute zero) ; 
but photographic effect is continued at — 
200° C., its energy, however, being dimin- 
ished 8o per cent. 

Color is also affected ; for example liquid 
oxygen turns red, and iodide of mercury 
turns yellow 

But the most remarkable effects, if any 
can be called more remarkable than others, 
are those pertaining to phosphorescence 
or fluorescence. In these experiments 
another example of the insight afforded 
by extreme conditions in physical re- 
searches, is added to that of Prof. Crooke’s 
experiments with extremely attenuat d 
gases, and to those of Tesla with rapidly 
alternating electric currents, 

“ Gellatin, celluloid, paraffin, ivory, horn 
and India-rubber become distinctly lumi- 
nous, with a blueish or greenish phos- 
phorescence, after cooling to —180° C., 
and upon being stimulated by the electric 
light. Hydrokinone is more luminous 
than the isomeric resorcin or pyrocate- 
chin; in the same way pyrogallic acid was 
shown to be faint as compared with phlor- 
oglucin. All alkaloids forming fluores- 
cent solutions become phosphorescent at 
low temperatures. The hydrocarbons, 
alchols, acids and ethers of the fatty 
series are all more or less active, and 
glycerin, sulphuric, and nitric acids are all 
very bright, whilst concentrated hydro- 
chloric acid and strong ammonia are also 
very bright. Colored salts generally show 
very little activity. Water when pure is 
only feebly phosphorescent, but remark- 
ably so when impure. Acetic acid and 
acetanide appeared fairly equal in lumin- 
osity; hippuric acid was very fine, and so 
were most substances containing a ketone 
group. Lithium platino-cyanide changed 
from white to redon cooling, and was ex- 
celled in phosphorescing power by yellow 
ammonium platino-cyanide, which was 
exceedingly bright. 

“ Detinite organic substances possessing 
exceptional powers of phosphorescence, 
when stimulated at —18o0° C., are acetophe- 
none, benzophenone, asparagin, hippuric 
acid, phthalic anhydride, urea, cretin, ure- 
thane, succinimide, triphenyl methane, 
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diphenyl, salicylicacid, glycogen, aldehyde, 
ammonia, etc, 

“Very remarkable were some results 
obtained by the professor with an egg and 
a feather. The egg shone brilliantly as a 
globe of blue light, its outline in the dark- 
ened theater being clearly seen. Other 
organic substances giving excellent results 
were cotton, wool, paper, leather, linen, 
tortoise shell, and sponge, all of which 
phosphoresced brightly, as did also a 
white flower, a cultivated species of dian- 
thus. Colored glasses and papers do not, 
as a ruleexhibit any phosphorescence, and 
when the alchols are colored by the addi- 
tion of a trace of iodide, the luminous 
effect is destroyed. Milk was shown to 
be highly phosphorescent and much 
brighter than water. Metals also phos- 
phoresce, but in this case the action is 
due to some organic tilm deposited from 
the air, because it disappears on ignition. 
If the metal is subsequently touched, the 
phosphorescence reappears.” 

Ordinary albumen is more phosphores- 
cent than the yolk of egg. In general, 
however, white bodies are found inferior 
to colored ones in this respect. ‘ Caustic 
soda and many salts not normally phos- 
phorescent are markedly so at low tem- 
peratures.” 

The physical signiticance, if any there 
be, of these new facts as related to the 
ultimate nature of matter is, of course, 
yet to be made the subject of scientific 
speculation. They are too recent to de- 
termine whether any new light will be 
shed by them upon atomic conditions, 
which the Marquis of Salisbury in his 
inaugural address before the Royal Insti- 
tution included among the yet “ unsolved 
problems of science.” 


-Utilization of Waste Carbonic Acid Gas 
in Breweries, 

Ir is said that the quantity of carbonic 
acid (carbon dioxide) evolved during fer- 
mentation is approximately equal in weight 
to the alcohol produced. Mr. A. Marcot, in 
the Transactions of the Brewing Institute, 

describes the method and apparatus em- 
ployed for collecting and compressing this 


Journal, was commented upon. 
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formerly waste product, and an abstract of 
his paper is given in the Sczentzfic Ameri- 
can Supplement. The rapid evolution of 
the gas begins in breweries about 20 hours, 
and in distilleries about 6 to 8 hours, after 
“pitching,” and for some time afterward 
continues at such a rapid and regular rate 
that it can be drawn off by the compression 
pumps without admixture of air. If how- 
ever air is introduced, it can be got rid of 
by a special release valve. A parachute or 
skimmer 1s used to collect the gas, pro- 
vided with raising and lowering gear that 
keeps it just above the level of the yeast. 
The level of the carbonic acid is shown by 
a collodion balloon which floats upon its 
surface. 

After compression to one atmosphere 
the gas is purified by passing through 
water, sulphuric acid and a week solution 
of potassium permanganate. Inthe third 
stage of compression the pressure reaches 
60 atmospheres and the gas then passes 
to condensing coils cooled by water and is 
liquetied. Obtained in this way, it has a 
purity of 99.5 per cent. and is odorless. 
At the plant described the liquefied gas is 
used as a source of power in place of the 
ordinary pumpingengines. It has also a 
commercial value for a variety of purposes, 
from aérating water and bread to harden- 
ing armor plates. 


Electrolytic Production of Chlorine and 
Soda. 

IN the November issue of this Magazine 
(p. 317) an article by Mr. H. Y. Castner on 
the electrolysis of alkaline chlorides, pub- 
lished in the ELugéneering and Mining 
M. Emile 
Andresoli now communicates to the E/ec- 
trical Review some remarks upon the sub- 
ject which might appropriately be called 
caustic. With some slight implied dis- 
paragement of electrolytic methods thus 
far employed for the purpose, he remarks 
that “it is usual for people who write or 
deliver lectures on the production of chlor- 
ine and caustic soda by electrolysis to pre- 
dict that the Leblanc and Solvay processes 
are doomed, and that a new system has been 
found which will revolutionize the alkali 
industry, and supersede everything which 
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has been done up to the present.” He 
then refers to an article in the London 
7imes upon the new electrolytic process as 
showing rather too much enthusiasm for 
an apparatus “ which is so superior, so effi- 
cient, so cheap, and so perfect, that all the 
others are nothing in comparison with it.” 

Electrolytic methods for producing 
chlorine and caustic soda are grouped into 
three classes: (1) The decomposition of 
chloride solution with electrodes not ab- 
sorbing the products of electrolysis; (2) 
the mercurial process, in which mercury is 
used as a cathode to form a sodium amal- 
gam ; (3) the dry process, or electrolysis 
of fused chloride of sodium or potassium. 
The Castner process belongs to the second 
category, and its novelty consists in the 
continuous tilting or rocking of the tanks, 
to give the mercurya flowing motion from 
side to side. It is a continuous process, 
and M. Andresoli says that a non-continu- 
ous one would be worthless; but that there 
are other continuous methods of the same 
class, 

The author admits that the day is per- 
haps not far off when the electrolytic pro- 
cess will compete with the chemical manu- 
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factures as much as, or more than, electric 
lighting does with gas; but doubts whether 
present electrolytic methods themselves 
will not be superseded long before that 
day. Astothe “dry” processes, “the sole 
question is to know how the electrolysis 
of fused salt will behave on a commercial 
scale.” 

Incidentally, in adverting to the 7zmes 
article, M. Andresoli contends that the 
technical press ought to be the first to in- 
vestigate and appreciate new discoveries, 
and thinks that “it is almost a breach of 
etiquette for the daily newspapers to tres- 
pass on the ground of the technical press 
and to give the assistance and prestige of 
an advertisement in a largely circulated 
paper,” etc. Here is revived an old con- 
troversy in which there is always room for 
argument, 


IN “ Responsibility in Crime from the 
Medical Standpoint” (Pop. Scz. Monthly, 
Dec.), Dr. Sanger Brown makes the propo- 
sitions, that the functional product of brain 
is mind, and that prevention of crime re- 
sults from inhibitory brain centers estab- 
lished by means he sets forth. 
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*26958. The Technology of Explosives. W. 
J. Orsman (I C T-Nov. g.) 3500 w. 

*26987. The Search for a Unit of Light. O. 
Lummer and Kurlbaum (El- Nov. g.) 1500 w. 

¢26995. Hermann von Helmholtz. Arthur 
W. Riicker (F R-Nov.) 5000 w. 

27016, The Scientific Applications of Pho- 
tography. (Extract.) Henry Trueman Wood 
(Sc A S-Nov. 24.) 1300 w. 

+27053. Responsibility in Crime from the 
Medical Standpoint. Ill. Sanger Brown (P 5 
M-Dec.) 2700 w. 

$27054. The University as a Scientific Work- 
shop. Freidrich Paulsen (P S M-Dec.) 6500 w. 

$27055. The Ancient Outlet of Lake Michi- 
gan. W. M. Davis(PS M-Dec.) 7400 w. 

+27056. The Geology of Natural Scenery. 
Frederick J. H. Merrill (P S M-Dec.) 2700 w. 

*27095. ‘Tariff Changes and Customs Regu- 
lations. —Russia, the Netherlands, East Indies, 
Switzerland, Belgium, France, Spain, Italy, Bul- 
garia, United States, Hayti, Guatemala, Brazil, 
Cape Colony (B T J-Nov.) 4400 w. 

*27108. Some Important Experiments With 
a New Explosive (Inv-Nov. 17.) goo w. 

27139. The Awning Over the Colosseum in 
Ancient Rome. Henry T. Blake (Sc A-Dec. 1.) 
1800 w. 

27142. On Some Magnetic Characteristics of 
Iridium. S. H. Brackett (Sc A S-Dec. 1.) goow. 

27143. The Koniscope. J. G. McPherson 
(Sc A S-Dec. 1.) 1700 w. 

27144. The Horse as a High Speed Engine. 
R. H. Thurston (Sc A $-Dec. 1.) 3000 w. 

+27152. Atmospheric Resistance. Walter L. 
Webb (P E C P-Nov.) 3300 w. 

+27167. Suggestions for an Index of Engin- 
eering Literature. George D. Shepardson (f A 
I E E-Nov.) 2200 w. 

*27243. The World’s Debt to Astronomy. 
Simon Newcomb (Ch-Dec.) 3500 w. 

*27252. The Use of Explosives for Mechan- 
ical Flight (Inv-Nov. 24.) 2000 w. 

27266. Analysis of Electrolized Water Pipes. 
Joseph Rigge (A G L J-Dec. 3.) 1600 w. 

27280. Weathering of Fuel. William White, 
Jr. (R A-Nov. 30.) 1600 w. 

*27290. Alexander Siemens’ Presidential Ad- 
dress to the Institution of Junior Engineers (El- 
Nov. 23.) 4800 w. 

*27296. The Construction of Engineering 
Formule. Frederick Grover (P Eng-Nov. 23.) 

800 w. 

+27313. Onthe Gunning Method for Total 


We supply copies of these articles, See introductory. 
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Nitrogen in Fertilizers. W. E. Garrigues (J A 


C S-Dec.) 700 w. 
*27331. Recent Improvements in the Chem- 
ical Industry (I C T-Nov. 23.) 1600 w. 


427332. Schiaparelli on Mars (N-Nov. 22.) 
5300 w. 

27353. The Search for the Absolute Zero. 
Ill. Henry J. W. Dam (P A-Dec. 1.) 3800 w. 


+27373. Inversion of Temperatures in the 
26 68 Day Solar Magnetic Period. Frank H. 
Bigelow (A J S-Dec.) 4000 w. 

+27374. The Duration of Niagara Falls. 
J. W. spencer (A J S-Dec.) 5800 w. 

+27376. Distribution and Probable Age of the 
Fossil Shells in the Drumlins of the Boston 
Basin. W.O. Crosby and Hetty O. Ballard (A 
J S-Dec.) 3600 w. 

*27380. Why Is Artificial Flight So Difficult 
of Invention? Ill. Otto Lilienthal (A E K J- 
Dec.) 2200 w. 

427390. The Determination of - Melting- 
Points and th» Composition of Some Candle 
Material. W. E. Garrigues (J A C S-Dec.) 
1400 w. 

27400. The Influence of Occupation on Eye- 
sight (Se A—Dec, 8.) 1100 w. 


27403. Use of Photography in Topographical 
Drawing. Ill. A. Laussedat (Sc A S-Dec. 8.) 
2200 w. 


27406. Economic Entomological Work in the 
Aaks of New York City. E. B. Southwick (Sc 
P S-Dec. 8.) 1400 w. 


Serials. 


21763. Engineering Practice and Education. 
Gaetano Lanza (J F 1-Began May—g parts to 
date—45 cts. each). 

24462. Graphic Statics. W. W. F. Pullen 
(P Eng-Began Aug. 10—8 parts to date—30 cts. 
each). 

25885. Engineering Lectures. Walter M. 
McFarland (Eng- Began Oct. 13—4 parts to date 
—I5 cts. each). 

26050. Some Remarks on Modern Naval 
Tactics. By ‘‘ A Captain of a Battle-ship” (E- 
Began Oct. 12—Ended Nov, 2—4 parts—30 cts. 
each), 

26560. Indiana Industries (Ir Age-Began 
Nov. 8—2 parts to date—15 cts, each). 

26759. Mosaics. B. Bentley Young (I C B- 
Began Nov. 2—Ended Nov. g—2 parts—30 cts. 
each), 

26984. Optical Activity as a Guide to Chem- 
ical Constitution. William Huntington (C T J- 
Began Nov. 1o—Ended Nov. 24—3 parts—30 
cts. each), 

26996. Statistically Indeterminate Structures 
and the Principle of Least Work. Ill. (E-Be- 
gan Nov. 9—2 parts to date—3o cts. each), 

27084. Early British Races. Ill. J. G. Gar- 
son (N-Began Nov. 15—2 parts to date—30 cts. 
each), 

27198. Refrigeration and Ice making (S E- 
Began Nov.—1 part to date—15 cts). 
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A Flying Machine That Flies. 


ANNOUNCEMENTS reaching us from En- 
gland indicate hopeful progress in the com- 
pletion of Mr. Maxim's flying machine. 
Here, at last, is a machine that “in its 
proper motion,” ascends. Hitherto the 
trouble with flying machines has mostly 
been that they had to be held up by some 
independent outside force. It is quite re- 
freshing to hear now of one that has to be 
held down during experiment, and it is 
quite evident that Mr. Maxim has solvea 
the problem of rising in the air, sustaining, 
and propelling by power supplied from a 
motor carried by the machine. 

But how about the alighting? There 
seems to remain a set of problems that, 
in so far as the machine or the results of 
the trial give any indication, remain yet 
unsolved. 

In the department of “ Popular Mis- 
cellany”’ page 418, Vol. 1, of this magazine, 
I had the pleasure of writing with refer- 
ence to this machine and its gifted inven- 
tor that the problem of the flying machine 
“has at last been taken up by exactly the 
right man who has gone about its solution 
exactly in the right way.” This remark 
was partly based upon personal acquain- 
tance with Mr. Maxim, and some knowl- 
edge of his methods in attacking mechan- 
ical problems. The same considerations 
warrant the belief that the difficulties in 
safely bringing down his machine to terra 
firma have not been overlooked by him, 
and to the anticipation that some very 
original and ingenious contrivances which 
will secure the desired result, will be the 
outcome of his studies on these problems. 


L. ALLEN, 
Brooklyn, 1804. 


Power for Cotton Mills. 
IN the November number of THE ENGI- 
NEERING MAGAZINE is a very interesting 
account of the Great Dam at Austin, 


Texas, and in it Mr. J. T. Fanning, C. E., 
is reported as saying, ‘450 horse-power 
will run a cotton-mill with 50,000 spindles 
on cloths adapted to the local jobbing 
trade.” Now there is a great error here, 
either in some one’s quotation of Mr. 
Fanning, or Mr. Fanning’s quotation from 
some one else, as stated. 

The lowest amount of power used in 
New England is at Fall River, on cheap 
print cloths, all ‘“‘ mule spinning,” where I 
have found it as low as 15 horse-power per 
1000 spindles. From that it runs up to 30 
horse-power per 1000 spindles, on coarse 
goods, at Lowell and Manchester on 
“frame-spinning,” such as is generally 
used at the south. This would give in one 
case 750 horse-power, and in the other 
1500 horse-power for 50,000 spindles, and 
as I understand the general run of southern 
mills, it would not be safe to estimate on 
less than 25 horse-power per 1000 spindles, 
1250 horse-power for a mill of 50,000 spin- 
dles, instead of 450 as quoted. 


SAML. WEBBER. 
Charlestown, Mass. 


Currency Reform. 

By your December number I notice that 
you advocate the so-called “ Baltimore 
Plan of Currency Reform.” This plan 
should more properly be called “‘ Currency 
Deform”’; the idea of handing over to 
the banks complete control of the power 
of association, the power of the people to 
exchange services, commodities, and ideas 
among themselves, being simply monstrous 
and wicked. It is not so much reforma- 
tion of the currency which is needed as 
the putting of a curb on the banks, and 
preventing them from over-trading in 
times of ease and placing the business of 
the country on a certain basis, to be fol- 
lowed by contraction and ruin on another 
basis in times of peril,—a peril generally 
created by the banks themselves. Every 


financial crisis is simply a bank crisis 
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resulting from overtrading, followed by an 
attempt to undertrade. 

After the destruction, the misery, the 
demoralization and the crime caused by 
the banks, especially those of New York 
city, in 1893, it requires a vast amount of 
assurance, not to say évass, on the part of 
those banks to propose to the American 
people a reform in the currency, by placing 
more power of destruction in the hands of 
those wretches. 

The currency is all right, so far as it 
goes; its one and only defect being that 
there is not enough of it; the sole trouble 
existing in a surplus in 1893 of dank wind, 
followed by a famine of dank-wind. 

Since the commencement of your mag- 
azine you have given countenance to the 
fallacies of Mr. Edward Atkinson, of 
Boston, whose fallacies have been effect- 
ually and finally turned down by the 
elections of this year. Take a lesson by 
this experience of the Atkinson philosophy 
and proceed slowly in advocating evena 
more vicious and more selfish philosophy 
of the bank-ring of New York. 

HENRY CAREY BAIRD, 


Philadelphia, Dec. 5, 1894. 


Steam Engine Governors. 


REFERRING to article on Steam Engine 
Governor in your October issue, | would 
refer you to a paper by F. M. Rites read 
before the American Society of Mechanical 
Engineers, and forming part of vol. 14 of 
the Transactions, in which the author by 
mathematical methods attempts to show 
the preponderance of inertia effects over 
those due to centrifugal force in an espe- 
cial form of shaft governor, The question 
as to whether one set of forces is of more 
importance than another or acts quicker is 


COMMENT AND CRITICISM. 


not thereby demonstrated to the satisfac- 
tion of all. 

While it is conceivable that a shaft gov- 
ernor may be so designed that the inertia 
moments may be in the same direction 
and supplementary to those of the centri- 
fugal forces, it is evident from an inspection 
of the cut 5 in the article, that there is but 
one direction of rotation in which this 
would be true of the form shown, and that 
the leverage or moment arm of the tan- 
gential component of inertia is in that 
case small as compared with the leverage 
of the centrifugal force. It is evident that 
the forces of whatever nature are given a 
large leverage on the eccentric connection 
to weights at the same time that the 
point of connection is so made that a 
small movement of weights causes a larger 
movement of eccentric. The eccentric 
pivot and pivot of weights are sup- 
ported rigidly from the engine shaft, 
and that therefore in order to move the 
eccentric the balls or weights must change 
position, a fact in direct opposition to the 
principle of the Siemens governor. While 
the tangential inertia of the weights acts 
through small leverages and varies only 
directly as the velocity, the centrifugal 
force varying as the square of the velocity 
and acting through large leverage would 
have a preponderating influence. I have 
a firm conviction that too much importance 
is placed on the effects of inertia in this 
style of governor and that the results ob- 
tained are due more to the arrangement 
of leverage through which the forces act 
than any other one cause. 

The question of close regulation is one 
of growing importance and anything re- 
lating to the subject coming from men of 


experience is interesting. 
J. C. HOBART. 
Cincinnati, Ohio, 
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Pusuications or Tue Lick Osservatory or THe 
University of California, printed by authority 
of the Regents of the University. Vol. 3, 1894. 
Sacramento State Office: A. J. Johnson, Supt. 
State Printing, 1894. (Cloth, 4to, 229 pp., and 16 
full size plates. } 


THE book comprises four parts: Part I. 
Selenographical Studies, based on nega- 
tives of the Moon taken at the Lick 
‘Observatory by Prof. L. Weinek. Part II. 
Report on Specimens of Crown and Flint 
glass belonging to the Lick Observatory 
-and manufactured by the Messrs. Feil; by 
Prof. C. S. Hastings. Part III. Inves- 
‘tigation of the Glass Scale “ A,” of the 
Lick Observatory Measuring Engine; by 
Mr. O. H. Tittmann. Part IV. Spectro- 
scopic Observations of Nebulz, made at 
Mount Hamilton, Cal., with the 36-inch Tel- 
-escope of the Lick Observatory; by Prof. 
J. E. Keeler. A list of works issued by the 
Lick Observatory and a list of errata com- 
plete the text. 

In the first part the splendid heliogra- 
vure illustrations deserve special mention. 
These are: (1) Heliogravure from a pho- 
‘tograph of the moon, taken two days after 
the first quarter, in the focus of a 36-in 
‘telescope (not enlarged); (2) From a 
-drawing of Mare Cris¢um and vicinity, by 
Prof. Weinek (4-fold enlarged); (3) From 
a photographic enlargement of Mare Cris- 
zum, by Prof. Burnham (2-fold enlarged) ; 
(4) From a photographic enlargement of 
Langrenus, Vendelinus, Petavius, etc., by 
Mr. Colton (7-fold enlarged); (5) From 
-drawings of Archimedes (2 views), and of 
Arszachel (2 views), by Prof. Weinek, (10- 
fold enlarged; (6) From a drawing of 
Petavius, by Prof. Weinek (20-fold en- 
larged); (7) Lithograph of Maedler’s 
‘Chart of Petavius (reduced to the same 
scale as the preceding) ; (8) Heliogravure 
from a drawing of Vendelinus, by Prof. 
Weinek (20-fold enlarged); (9) From a 
drawing of Langrenus, by Prof. Weinek 
{20-fold enlarged); (10) From a drawing 
of Copernicus, by Prof. Weinek (20-fold 


enlarged) ; (11) Index map to the drawing 
of Copernicus ; (12) Hetiogravure from a 
photographic enlargement of the Lunar 
Apennines, by Mr. Colton (7-fold en- 
larged) ; (13) Index map to the Afennznes, 
by Prof. Weinek; (14) Autotype, from a 
photographic enlargement of 7ycho, by 
Prof. Weinek and Dr. Spitaler (24-fold 
enlarged) ; (15) Phototype of the drawing 
of Capella and Taruntius, C, by Prof. 
Weinek (40-fold enlarged), and (16) Litho- 
graph of the Veszble Spectra of Planetary 
Nebulz, from drawings by Prof. Keeler. 
The book deserves great credit for the 
style in which it is printed, as well as the 
interesting character of its contents. 


Tue Evoturion or Mopern Capiratism. A Srupy oF 
Machine Production. By John A. Hobson, M. A., 
author of ** Problem of Poverty.”” London: Walter 
Scott, Ltd., 24 Warwick Lane. Charles Scribner's 
Sons, New York, 1894. [Cloth, r2mo, xvi.-383 pp. 
Price, $1.25.] 

THIS book is an attempt to express and 
illustrate some of the laws of the structural 
changes in modern industry. The author 
says in his preface that he has chosen a fo- 
cus of study between the wider philosophic 
survey of treatises on Social Evolution and 
the special studies of modern machine in- 
dustry, contained in such works as Bab- 
bage’s Economy of Manufactures and Ure’s 
Philosophy of Manufactures, or more re- 
cently in Prof. Schulze-Gaevernitz’s care- 
ful study of the cotton industry. He calls 
attention to the fact that the sub-title, “A 
Study of Machine Production” indicates 
a further narrowing of the investigation. 
A clearer recognition of organic unity is 
sought by dwelling upon the more material 
aspects of industrial change which mark off 
the last century and a half from all indus- 
trial epochs. The position here assigned 
to machinery as effected in industrial evo- 
lution is selected because the author thinks 
it is essential to choose some single clearly 
appreciable standpoint in bringing scientific 
analysis to bear upon phenomena so com- 
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plex and so imperfectly explored. The book 
commences with an introduction, in which 
the following topics are discussed: Indus- 
trial Science, its Standpointand Methods of 
Advance, as Factor in Modern Industrial 
Changes ; Place of Machinery in Evolution 
of Capitalism; The Monetary Aspect of 
Industry; The Literary Presentment of 
Organic Movement. 

In succeeding chapters The Structure of 
Industry before Machinery ; The Order of 
Development of Machine Industry; The 
Structure of Modern Industry; The For- 
mation of Monopolies in Capital; Economic 
Powers of the Trust; Machinery and In- 
dustrial Depression; Machinery as Re- 
lated to Demand for Labor; Machinery 
and the Quality of Labor; The Economy 
of High Wages; The Effects of Modern 
Industry upon the Workers as Consum- 
ers; Women in Modern Industry; Machin- 
ery and the Modern Town; Civilization 
and Industrial Development; with many 
sub-topics are discussed. 


Evectrricity One Hunvrep Years AGo ann To-pay. 


By Prof. Edwin J. Houston, Ph. D. New York: 
The W. J Johnston Company, Ltd. (Cloth, 12mo, 
186 pages, $1.} 


THE basis of this little work is a lecture 
delivered some time before the Electrical 
Section of the Brooklyn Institute which 
was a running commentary upon the vari- 
ous steps of progress of the science from 
that time to this day, and suited to the 
lay mind. The subject was admirably 
handled both historically and otherwise 
and many pretty conceits introduced. One 
of these which particularly pleased those 
who heard the lecture was the simile 
drawn between electricity and Aladdin’s 
wonderful lamp. 

The present book contains the lecture 
in full, with copious additions chiefly of a 
historical character. In fact it may be 
said that the book is made up with histori- 
cal data, to which have been added the 
lecture above referred to. But taking the 
lecture as a text he has added footnotes 
giving abstracts from the original papers 
whence he had received inspiration, and 
also extracts from contemporaneous 
writers. The book is, therefore, a very 
valuable compendium of historical inci- 
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dents, facts and data, but it has been 
arranged so badly as to lose much of its 
value. There are footnotes within foot- 
notes sometimes down to the third or 
fourth degree, and although an attempt 
has been made to distinguish the degree 
of descent of the footnote by difference of 
type it is often difficult to distinguish the 
one from the other, The author was ap- 
parently fully aware of this fault for he 
has deemed it necessary to apologize in 
his preface for the shortcomings of his 
publisher. 

The book however is a very readable one, 
and were it not for the glaring faults of 
arrangement referred to could be praised. 


Tue Merat Worker Essays on House HEATING BY 
Steam, Hot-Water and Hot-Air, with Introduction 
and Tabular Comparisons. Second Edition, Re- 
vised, New York : David Williams, 1892. [407 pp.. 
7 <9'¢inches Cloth. Price, postpaid, 

THE foundation of this book is the text 
of prize essays—two on Combination Sys- 
tems of Heating, four on Steam Heating 

Systems, three on Hot-Water Circulating 

Systems, and six on Hot-AirSystems which 

were written in response to prizes offered 

by Zhe Metal Worker in the fall of 1888, 

and subsequently printed in 7he Vetal 

Worker, They attracted much attention 

at the time of their appearance, and were 

commonly known and spoken of by the 
name chosen as a title for this book. The 
work, however, contains much more than 
theseessays. Naturally, heating engineers 
did not agree with all the views of the 
writers of the essays, and criticisms upon 
them were made by a number of experts, 
emphasizing their strong points, and call- 
ing attention to deficiences. Thus supple- 
mented the essays became in reality a prac- 
tical treatise on the heating of dwellings, 
and as such was republished. The value 
and popularity of the book has been much 
enhanced in this second edition by achap- 
ter on proportioning heating surfaces 

(written by an able heating engineer) Mr. 

John J. Hogan, in which no less than 

twelve series of rules are given, believed 

to comprise all the methods in use for as- 
certaining what must always be the first 
datum for planning a heating apparatus, 
viz., the amount of heating surface needed. 
to do the required work. 
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MecuanicaL Drewinc. Projection Drawinc; Iso- 
metric and Oblique Drawing ; Working Drawings. 
A Condensed Text-book for Class-Room Use By 
Walter K, Palmer, M. E., Department of Drawing, 
Miller Manual Labor School, Crozet, Virginia, 

Columbus, O.: Charles B. Palmer. [Cloth, 8vo, 

sop. $o.80,] 

WHILE every competent instructor in 
mechanical drawing has his own ideas as 
to the peculiar requirements of his pupils, 
and prefers to exercise his own judgment 
as to the best methods of instruction in 
the details of the art, there are nevertheless 
certain fundamental principles and general 
rules which must always be presented in 
much the same way. This work has evi- 
dently been prepared with much care by a 
skillful instructor, to serve as an elementary 
text-book in the class-room, and as a man- 
ual of reference for the future use of the 
pupil. Its aim is to guide the student to 
develop for himself the essential principles 
of the art in a natural and progressive 
order, and to make his own illustrative 
drawings as he goes along. The course of 
instruction laid out appears to be admir- 
ably adapted to form in the mind of the 
student a habit of working from a knowl- 
edge of principles, instead of merely copy- 
ing in a mechanical way, the examples 
which may be placed before him. The 
work is very handsomely printed. 


Tue Hann Book. By Hersert Laws 

eob, Member Am. Inst. E. E., Inst., E. E, Lon- 

don. Author of Practical Guide tothe Testing of In- 

sulated Wires and Cables. First edition; Chicago: 

London Publishing Company, 1894 [Cloth, 146 
pp., 3x64, price $1.] 

THIS little book is from the pen of an 
esteemed contributor to THE ENGINEERING 
MAGAZINE and he is widely known asa 
writer on electrical subjects. Mr. Webb 
states in his preface that this is the first 
practical book on American telephone 
methods. As such it will doubtless be ac- 
ceptable to American readers, especially 
those interested in telephony. The book 
is based entirely on standard American 
practice, and most of the material, appa- 
ratus and methods described are peculiar 
to or have originated in the United States. 
Nevertheless, a few chapters dealing with 
certain forms of transmitters and receivers 
used in Europe are given for the informa- 
tion of those who are unfamiliar with other 


types of instruments than those used in 
the United States. Although the pages 
are small and the book contains only 146 
pages, five of which are devoted to the 
index, the publishers have managed to 
crowd into it a considerable amount of 
matter by using small type. 


THermMopynamics oF Reversiste Cycies in Gases 
and Saturated Waters. A full synopsis of a ten 
weeks’ undergraduate course of lectures delivered 
by M. I. Pupin, Ph. D. Arranged and edited by 
Max Osterberg, of Columbia College. New York : 
John Wiley & Sons: 1894. [Cloth, r2mo, 114 p., 

1.25 

THISs is a theoretical introduction to the 

study and design of heat engines. The 
treatment is necessarily based on the 
mathematical formule which have been 
established—partly by experience, and 
partly by inference—that determine the 
underlying principles on which heat en- 
gines ofall kinds, whether driven by steam, 
gas, or other expansive agency, are built. 
The work does not refer definitely to these 
applications of force by name, but pres- 
ents a general grounding in the elements 
of both the science and theart of develop- 
ing power from heat. Every added treatise 
on thermodynamics—upon which all our 
modern mechanical progress, whether of 
steam, electricity or otherwise depends— 
is a distinct gain, when at least up to the 
mark of the excellent manual. 


Brown’s Directory or American Gas Companies Gas 
Statistics. Compiled and Corrected by E.C. Brown, 
Progressive Age, 280 Broadway, New York, 1894. 
[8vo, pp. 159-Xxxvi._ Price $5.00.] 

BESIDES being the most comprehensive 
and accurate directory of gas companies 
in America yet published, this book con- 
tains a vast amount of statistical informa- 
tion. Not only are the names of the 
different companies given in the usual 
alphabetical order, but the amount of 
capital stock and total bonds outstanding ; 
names of officers; purchasing agents ; pro- 
cess of manufacture ; population of district 
supplied; average price of gas for 1894; 
number of public lamps; price of lamps; 
lighting hours per lamp, per annum; ap- 
proximate annual output; candle power, 
and lowest pressure available for gas- 
stoves, etc., are also given. 
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A Treatise oN Ecementary Hyprostatics. By Joun 
Greaves, M A., Fellow and Lecturer at Christ's 
College, Cambridge. New York: Macmillan & 
Co. 1894. [Cloth, 12mo, with diagrams. 

1,10, 

THIS is a well arranged, closely classi- 
fied mathematical treatise on hydrostatics, 
in which however the author relies on 
mathematics but does not use the calculus, 
for the most part. It is atext-book rather 
than a work of reference, and was pre- 
pared for the use of Cambridge students. 
The discussion is applied in detail to the 
various forms of machines and appliances, 
and to the principal phenomena of the 
science. Thesections are arranged mainly 
in the form of definitions and problems, 
as they would come up in class work. 


204 P., 


Tue Ecements or Grapuic Sratics. A Texr-Book 
for Students of Engineering. By L. M. Hoskins, 
professor of pure and applied mechanics in the 
Leland Stanford, Junior, University; formerly 
professor of mechanics in the University of Wis- 
cousin. New York and London: Macmillan & 
8vo, viii-+-191 p. With diagrams. 


IN harmony with the modern practice 
of engineering, which in every direction 
aims to simplify work and condense re- 
sults, Mr. Hoskins has compiled this trea- 
tise on graphic statics, in which the dia- 
grams illustrating the relations of stresses 
and spaces have been based on Bow’s 
well-known notation. The author how- 
ever has widely extended the application 
of the original notation. He has also en- 
deavored to comply, as to methods of 
usage in regard to the technical terms of 
mechanics, with that of the standard au- 
thorities—which is gradually crystallizing 
into something like a system. Graphic 
statics apply more especially in the design- 
ing, or the criticising, of roof and bridge 
work, and so form a salient part of modern 
civil engineering. There is an extension, 
however, which Mr. Hoskins’ admirable 
work suggests, of the application of the 
- system to machine building, and, in fact, 
to a larger variety of uses. 
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